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During the writer's recent extensive tours through the various countries 
of Western Europe, made with tho object of studying the modern develop- 
ments in highway engineering, tho writer was particularly struck with the 
importance that was being attached to the rolo played by soil, in all kinds 
of highways, as a consequence of which, the subject of soil mechanics was 
receiving great attention every where. 

Well equipped soil laboratories under tho direction of soil engineers 
already exist in England, Germany, France, Switzerland, Sweden, Norway, 
Holland and Italy, and are being fast equipped in Belgium, and other smaller 
countries And as it is generally felt, that tho presont knowledge of th® 
engineering proportios of soil is far behind the times, there is feverish activity 
in soil research, to be observed in almost all tho countries. 

In tho case of Indian roads, although tho great importance of soil 
mechanics is obvious on account of the very large milago of soil roads, the 
subject has unfortunately been so far ignored by our engineers generally. 
Tho time is long overdue, that a systematic study was mado not only of the 
soil as such but also of its behaviour on tho road. It is with tho object of 
presenting before the Indian Roads Congress for discussion, some of the 
writer’s idoas and experiences, with regard to tho economic use of stabilized 
soil in tho construction and maintenance of Indian roads, that this paper has 
been written. 

Tho writer's conception of a stable soil is that which, Iiko concrete, has 
got itg requisite quantities of coarse material, its filler and its binder. 
The coarse material in the form of sand, provides internal friction and 
hardness ; the filler, in tho form of silt provides embedment for sand 
grains; and the binder in the form of clay, coats the surface of silt 
and sand and provides cohesion, duo to its natural stickness This cohesion 
is further augmented, by the surface tension of the thin films of moisture 
covoring tho various particles. 

The reason why under similar conditions, some soils behave better than 
others, is that they have a better proportioning of tho threo constituents 
enumerated abovo It is generally agreed that the ideal proportions Are, clay 
6 .to 10 per cent, silt 10 to 20 per cent and sand 70 to 85 percent, for normal 
conditions of moisture. The quantity of clay has to bo correspondingly in- 
creased in unusually dry areas and decreased in unusually wet ones. 
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Our existing methods of construction and maintenance of unmetalled 
roads do not take into consideration, the economic possibilities of improving 
deficient soils. A very popular practice is to give a clay “ topping ” over 
sandy reaches. Leaving alone the expenditure part, it is not at all a 
complete remedy, because clay is as bad for traffic in xvet weather, as 
sand is in dry weather. Again, looking at it from the economic point 
of view, it would be far cheaper to mix the required small quantity 
of clay to the sandy soil than to cover the whole thing up with imported 
stuff. It would also lesult in a much more stable mixture, which, besides 
being more dui&blo and less expensive to maintain, will rank far closer to 
"all weather" road than the clay topping. 

Similarly in reaches where the natural soil is too rich in clay, it would 
appear advisable to add the requisite quantity of sand, if available within 
reasonable distance. 

Where the necessary material is not economically available, the use of 
bituminous emulsions, or cement or lime could be considered. 

To the earth berms of the metalled roads, having a narrow width of 
metalling, the same remarks apply as to unmetalled roads. Besides eliminat- 
ing a great deal of the dust nuisance in dry weather and the mud nuisanco 
in wet weather, along with the risk to human life and property involved in 
both, it would be far cheaper to maintain the berms, if the soil is stabilized. 

Still another use of stabilized soil, could be made in the construction of 
the metalled portion of the road or in widening the existing metalling in as 
much as, tho brick on edge soling used in water bound macadam could pro- 
bably be leplacod by stabilized soil at about one fourth of tho cost. 

Recent experiments cairied out by the writer havo shown that it is 
possible to water-bind tho metal directly over stabilized soil foundation but 
it is too early yet to say, whether it will wear well. 

But the recommendations made above, can only bo usefully employed if a 
systematic laboratory analysis of tho soil and the available admixtures is 
carried out. It would also appear necessary to study by observation and local 
enquiries the behaviour of the soil in the field and to collect data regarding 
weather conditions. This is what was done by the writer in carrying out 
the stabilization experiments described in this paper. 

So far as the laboratory examination of the soil is concerned the follow- 
ing simple tests wero considered to bo sufficient : — 

(A) Mechanical Analysis . — Whereas until a few years ago, the terms 
sand, silt and clay were used in a vory vaguo sense, modern research in 
America, has tentatively standardised the definitions of these terms, based on 
particle size, which are fairly accurate for practical road purposes. The 
definitions are as follows : — 

Sand . — The material which passes through No. 10 sieve but is retained 
on number 200 sieve (A.S.T.M. Sieve numbers) 

Silt . — Particles between 0.05 and 0 005 millimetre diameter. 

Clay , — Particles finer than 0,005 millimetre diameter. 

Sand was separated out by sieving through a 200 mesh sie^e The 
fraction passing through, was a mixture of silt and clay. There are various 
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methods of determining the percentage of clay in this mixture, viz, the 
pipette method, the hydrometer method, elutriation etc , hut all of them 
aio too laborious to be adopted by the average engineer, who has to do bis 
own laboratory work. 

An idea of the quantity of clay in a soil can bo obtained from its Plasticity 
Index, ■which is an indication of tho cohesive properties of the soil sample, 
being the range of moisture content within which tho soil remains plastic. 
Consequently this method was adopted. 

The Plasticity Index of a soil is tho difference between its liquid Limit 
and its Plastic Limit. Tho last two soil constants were determined by the 
following simple laboratorj experiments, which have been adopted as Tenta- 
tive Standards by tho American Society for Testing Materials 

(B) Liquid Limit . — About 30 grammes weight of tho pounded soil passing 
the number 40 sieve (A.S.T.M.), was taken in a 4 inch porcelain dish and 
thoroughly mixed with gradually added water, with a spatula, till it became 
pasty. It was then smoothed off nnd grooved into two portions with a 
special grooving tool of standard size. Holding the dish firmly in the light hand, 
with the grooves parallel to the line of sight, it was lightly tapped horizontally 
against the palm of the other hand ten times If the lower edges of tho 
two soil portions just flowed together after ten strokes, it was taken to he 
correct moisture, otherwise a little more water was added and the process 
repeated. A small portion of the wet soil was weighed and dried in an 
electric oven at about one hundred and ten degrees centigrade and weighed 
again. 


The Liquid Limit was 'calculated from the following formula : 


Liquid 


T . Weight of wet soil — Weight of dry soil w , „„ 

tamit = r r ; t — x > uu 

\V eight of dry soil 


Photogiaph 1 shows the experiment before and nfter the closing of the 
groove 

(C) Plastic Limit . — About 15 grammes weight of the pounded soil 
passing the number 40 sieve (A S.T.M ), was mixed with a little water till it 
could be easily rolled into a ball The ball of soil was then placed on a glass 
pfate and gently rolled on it, with tho palm of the hand, into a long thread 
sth inch diameter. If the soil did not crumble just before the thread reached 
this thickness, the soil was kneaded into a ball again and the process re- 
peated. If it crumbled long before, some more water was added till it j’usfc 
crumbled at that diameter. 

The crumbled pieces were weighed, oven dried at one hundred and ten 
degrees centigrade, and weighed again The Plastic Limit was calculated from 
the following formula : 


Plastic Limit = 


Weight of wet soil — Weight of oven dried soil 
Weight of oven dried soil 


X100 


Photograph 2 gives an idea of the experiment. 

The experiments were carried out recently on the unmetalled road between 
Kabirwals and Sarai-Sidhu in Multan District, (Punjab). Two sites were 
chosen, ono in mile 29/1 having a Boil rich in clay and the other in mile 29 ’3, 
rich in silt and sand. The first was called soil number one and the second 
toil number two. 



The Laboratory analysis gave the following results : — 

I. Soil number 1 . 

(а) Mechanical analysis 

Sand 

Silt and clay 

(б) Liquid Limit. 

(c) Plastic Limit 
{d) Plasticity Index 

II. Soil number 2. 

(a) Mechanical Analysis 

Sand 

Silt and clay 
(&) Liquid Limit 
(c) Plastic Limit 

Interpretation op Test Results. 

Soil number 1 . — The soil contains an excess of clay and is apt to get vei 
soft in wet weather, and to crack badly on drying out, which is corroborati 
by enquiries and observations made in tho field. The soil is unsuitable eve 
for a dry district like Multan, with an average rainfall of 5 inches per annur 
The remedy lies in reducing its high Liquid Limit and Plasticity Index, t 
admixture of sand. 

Soil number 2. — The soil contains a large excoss of fine silt and has n 
binder at all. It is apt to got pulverised into fine powder very easily unde 
traffic in the dry weather. This interpretation agrees with actual observatio 
at site. 

Experimental Lengths. 

Ten experimental lengths 16 feet wide each, have been put in, five fc 
each soil. Thickness of each length is 4 inches unconsolidated. The idea is 1 
compare the economic value of the various methods of stabilization. Th 
details are given below : — 

Soil Number 1. 

Length number I.> — Soil watered and rolled with a ono ton roller. 

Length number 2. — Soil compacted with a sheep's-foot roller at optimun 
moisture. 

Cost per sixteen-foot mile ... Rs. 950. 

Length number 3. — Soil mixed with 33 per cent pit sand, and compactei 
with a sheep's-foot roller at optimum moisture. 

Cost per sixteen-foot mile ... Rs. 1050. 

Length number 4 ■ — Soil mixed with 33 per cent pit sand and 1.5 por cen 
common salt by weight and compacted as above. 

Cost per sixteen-foot mile ... Rs 2450. 


... ... 5G.4 per cent 

... 43.6 „ 

... 37.1 „ 

... 22.4 „ 

... 37.1 minus 22 4 = 14.7 


... 2G per cent 

... 74 

... 26.3 „ 

... Non-plastic. 
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Length number 5 . — Soil mixed with 33 per cent pit sand, and again mixed 
with brick aggregate * inch gauge, in the ratio G * 4 Common salt added 
to the extent of 4 per cent of the soil and sand by weight llollmg dose 
vrith a one ton roller. 

Cost per 1G foot mile ... ... Es. 4200 

Soil Number 2. 

Length number G . — Soil watered and rolled with a one ton roller 

Length number 7 . — Soil compacted with a sheep’s foot roller at optimum 
moisture 


Cost per 1G foot mile. ... ... Es. 950. 

Length number 8 . — Soil mixed with 5 per cent slaked lime by weight and 
compacted as above. 

Cost per 16 foot mile ... ... Ks 2300. 

Length number 9 — Soil mixed with 0.25 per cent country oil, and com- 
pacted as above. 

Cost per IG foot milo ... ... Es 2100. 

Length number 10.— Soil mixed with sand and soil number one, in equal 

proportions and compacted as above. 

Cost per 1G foot milo ... ... Es. 1300. 

Specifications and Ppoceduiu:. 

Subgrade . — The subgrndo was dressed to a camber of 1 in 30 and rolled 
with a one-ton roller, nfter lightly sprinkling it with water. 

Soil . — The soil was dug out to form sido drains and broken down as fine 
as the back of the spade will do so It was spread on the suhgi'ade in the 
required thickness by means of hlieks as guides, (Photograph 3), and then 
sand was spread over it in the required thickness where necessary, and the 
wholo thing mixed dry. 

Quantity of water.— In order to get the maximum donaificatlon, tho 
“optimum moisture ” was determined before lmnd for each mixture and tho 
quantity of water required, was calculated from that. If a soil la compacted 
at its “optimum moisture”, it has a maximum dry weight per unit volume of 
compacted soil, according to Proctor. 

The following simple method devised by tho writer, was emplojed to 
determine tho optimum moisture in the case of each mixturo 

The hygroscopic moisture content of the eoll wan first determined by 
drying it in tho oven A quantity of 60 tl passing thfl number 10 slave was 
then taken, such that the total hjgroscoplo mnUtmp I'lihtnlned in it would 
be a round figure, say 5 grammes. A monsuml (junnlity of water v.as then 
added to tho soil from a graduated burette and well mixed. 



The wet soil was compacted into a metal container 2 inches cube, in 
three layers, the compaction being done by dropping a hammer from a fixed 
height ten times. The top was struck off and the cube weighed. The dry 
weight of the soil in the cube was determined as follows 


Let total weight of soil+ water 
Weight of cube 
Total weight of water in soil 
then weight of water in soil cube 


= W 
=W, 
= W, 


=W,x 


w, 

w 


and therefore weight of dry soil in cube 


=w,-(w. 


c^) 


The experiment was repeated after adding more water each time, till the 
dry weight of the soil in the cube after rising to the highest figure began to 
fall. The moisture content at the highest figure gave the optimum moisture. 
The figure for water to be actually added in the field was of course obtained 
after deducting the hygroscopic moisture from the total 

In the actual execution of work it wa9 found that this quantity had to be 
slightly increased during the hot afternoons due to excessive evaporation 

IftTing of icater. — Water was gradnally added by means of watering 
cans, to ensure uniform distribution (Photograph 4), and mixing was done by 
turning over the soil with a spade as the watering proceeded Towards the 
end, a few men rubbed the soil between tbeir hands to break up clods etc. 

Compaction (for lengths 2, 3, 4, 7, 8, 9 and 10) 

Ordinary rolling does not compact a fine soil to a depth of more than 
a couple of inches, if that. In order therefore to get the maximum possi- 
ble densification, a special type of roller called the sheep's-foot roller 
(Photograph o) was used The projecting feet of the roller have a hammering 
effect on the soil, and compact it in layers by first going right down to the 
bottom of the soil (Photograph 6) and then, as the sod gets compacted from 
below, going less and less into it, till at last when the soil is fully compacted, 
they So not go in more than a fraction of an inch IPhotograpi: C). The roller 
was manufactured locally. The wheels on the top side are meant to carry 
the roller from one place to another. 


The surface was finished off with a one-ton roller. 
Addition of salt, lime and Oil . — 

Salt was added in the form of salt water. 

Lime was added in the form of lime water. 


Oil was mixed with water, and though it kept floating on the top, 
a more or less uniform distribution was obtained, by keeping it stirred 
all the time. 

Conclusion . — Whatever the comparative economic value of the various 
methods of stabilization dealt herein may turn out to he, it is a foregone 
conclusion that soil stabilization can definitely lie made an economic success, 
if sysiematicallj dealt with. 



It ig not too much to hope, that within a fow years, with the systematic 
use of soil stabilization, the cost of maintenance of the unmetalled parts of our 
roads, will come down considerably in much the same way, as that of the 
metalled portions has, with the use of surface treatment, Aud also that the 
construction of metalled roads will be much cheaper with the increased uso 
of soil stabilization. 

Tho time is not far when each road will have its soil survoy map, showing 
the properties of the soil, in its various lengths, and the position and tho 
properties of the nearest available admixtures, along with instructions for 
the road gangs for stabilizing tho soil boforo ever putting it on the road. 
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No. 2. Plastic Limit Test 

Showing the soil beiDg rolled and the crumbled Jtb inch soil thread 




No. 4 Showing addition of water, spade mixing and hand mixing 
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DISCUSSIONS ON PAPER No. 0. 


Mr. Mehra (Author): — The idea that led me to start the experiments 
described in my paper wa3, that we need to evolve from first principles, 
a technique of our own, for the stabilization of soils, in connection with 
low-cost roads. The problem of low-cost roads in this country is very 
difficult on accouut of the diversity of traffic to be coped frith and the 
paucity of funds available for roads. It is therefore that we must move 
slowly and carefully in this direction, in order not to lose sight of anything 
that may, even to a small degree, help us in finding a cheap solution to our 
great problem; this line of actioa has been followed in this fiist set of 
experiments. 

The cost of those experiments has been rather high for the following 
reasons: — 

(a) The work was new to the workmen and was cairied out under 
strictly controlled conditions. 

(&) The process adopted for the mixing of water was rather 
laborious In practice, it should be quite enough to uniformly 
spread a lequisite quantity of water over the levelled layer of 
soil and to leave it -to soak through, overnight. By next 
morning, the water will have’ spread itself fairly uniformly 
through the whole depth, so that the soil will be fit for 
rolling. This item alone will reduce the cost by about 
20 percent. 

(c) The quantity of water was carefully controlled by measurement, 
to give optimum moisture. But, as a lesult of this set of 
experiments, the judgment of the load inspector in-charge 
was so well trained in a shoit time, that he was able to contiol 
the moisture in the next set of experiments without measure- 

• ment, by just looking at the moist soil and by pressing it 

in his hand. The optimum moisture as determined in the 
laboratory was then kept as a general guide. 

(d) The common salt was purchased at market price. It should 
be possible to bring quarry rubbish, duty free, for next to 
nothing and to rail it at concession rates. 

This set of experiments was laid in June 1938. The traffic density 
of this road is of the nature of about 35 tons a day and consists of motor 
lorries, motor cars, light bullock carts and tongas, etc For 3 days 
during elections, the traffic went up to well over 100 tons a day. 

Maintenance was purposely not done in order to test the road to 
destruction. There were two showers of rain in August about half-an-ineh 
each time, which the specially compacted lengths resisted without softening. 

Tho ^ present genera! condition of the stabilised lengths after 
8 months is rather dusty, but the wear is well under lj inches Most of 
the damage has occurred at the joints between adjoining lengths due to 
the sheeps-foot roller not having been abl© to compact the ends properly. 



13 (o) 


The usefulness of grading the particle size and rolling by sheeps-foofc 
roller at optimum moisture has been conclusively brought out by comparing 
the behaviour of the various sections horn time to time. 

Lime has had no stabilizing effect on the soil, probably due to the 
presence of colloids 

Country oil in the quantity used has bad no appreciable effect , to use 
much larger quantities would be uneconomical. 

Length No 4 in which common salt has been used is more compact 
than those without it, due to theie being thinner films of moisture round 
the particles, and has consequently worn better The quantity of salt 
used, viz 1 5 percent, was not enough to help the retention of moisture 
in the soil for an) length of time. 

Length No. 5 behaved beautifully till I left the district in October, 
showing no signs of wear whatever When I inspected it a few days ago, 
it has a lot of loose dust on it, which had piobably blown m from the 
sides, because otherwise there should have been metal mixed with it. On 
removing this dust, the Burfuco below was found intact, except for a few 
pieces of metal which had apDurently been dislodged by the hoofs of 
animals It is my belief that if this is surface-treated, it will stand a 
fair amount of traffic, and that this type of construction, if carefully done, 
could probably replace the much nioie expensive water-bound macadam, in 
course of time The main factor which protects the metal from attrition 
under traffic vibration is the cushion of stable earth all round it, and that 
is why I think, it will be superior to the water-bound macadam when 
surface-treated 

I do feel that the results of these experiments, though not being in any 
way a solution of the problem, are yet encouraging enough to justify 
further puisuance of the problem, and it is in this direction that I would 
Jike the discussion to take place. 


Eai Sahib Fateh Chand (United Provinces): — I wish to say that the 
author consideis the proportion 5 to 10 percent of clay to be an ideal 
one In the United Provinces, any soil with less than 30 percent of 
clay cuts up in no time by sugarcane or timber or other heavy bullock-cart 
traffic which in the case of soil containing over 20 percent clay and moisture 
forms ruts instead of average quantity of undulating holes and patches of 
v«S mg depths So far ns I remember, in the Punjab as troll, in his detailed 
note on the subject, the then Secretary of the lioaid of Communicat.ons 
considered the a nmol, creator proportion of clay it as necessary than that 
mentioned I, t the author. I should liKo to know from the author if ho has 
since tried the erpenment of 5 to 10 percent clay on any road under such 
heavy traflre, ana if to, on ttlml road, and with what results? Tf the 
experiment has succeeded, it trill hate far-reaching effects in the United 
Provinces, as the cost o[ cartage of clay would bo teduced by 50 percent 

, l ' C ' ,krl V Itard surfece, matching in baldness with the surface 
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of a metalled road I have treated over 400 out of 560 miles of the roaas 
under my charge with clay in portions where there was heavy snnd and in no 
place complaint of any kind has been heard. Be it due to sand being blown 
over the surface of the clay road, and thus making it harmless to traffic during 
tho rainy season, or to tho absorption of water by tbo sand below or due to 
whatever reason, the result has m all cases been an exceptional!} hard 
and useful surface throughout the year. 

.The only defect noticed in this system has been that, when broken lip, 
tho surface becomes most troublesome, resembling that of a badly broken-up 
metalled road, duo to numerous bumps caused by tho wheels falling nlternate- 
1} on bard clay and sand. Tho remedy for this defect has also been found by 
giving a topping of i£ inches of sand, which increases tho life of the clay 
surface aud when laid over such surfaces as contain excessive clay m its natural 
condition, improves tho surface in moist places as well I have tried coal 
refuse with and without molasses, shingle, brick ballast, kankar tracks and 
numerous other such remedies in place of clay, but none of them has been 
found to be as economical and effective as laying eaith containing over 
20 percent of clay, except under unusually heavy traffic, where nothing but 
a metalled or pucca road will stand. 

As regards stabilisation of the berms and foundations of metalled roads 
no amount of stabilisation of the 60 il has succeeded under heavy traffic A 
startling example of this is furnished by the Calcutta-Burhanpur road, 
vvhoie duo to heavy traffic, some portions wero full of pounded dust as 
compared to nice green grassy portions noticeable on almost all other roads, 
in spite of the natural advantage of the presence of moistuie in the soil on 
the former as much as on any other road 

Dr A N Puri (Punjab) I am sure you will agree with mo when I say 
how thankful weaie to the authors of these two papers for having introduced 
ft very important subject I wish to point out certain misconceptions that 
are likely to have arisen from these papers and which have become clear to 
me from the remarks of some other gentlemen on these papers The 
average engmeei has got no idea of what clay nnd silt are That ig why in 
one paper we find that silt is rcpiesented as plastic and the other as non- 
plasttc The various particles havo to bo defined, not arbitral llv but in relation 
to their diameter sizes It shows you, howevei, that tho problem is not 
so simple as it may appear at the sutface Again in the tiansmission constants 
of soils I can show you that a soil with a high transmission constant can be 
rendered practically impermeable to water by adding a small quantity of 
sodium carbonate to it. Tho clay is the same, hut it has undergone a simple 
change in the surface leactivity and that has made all the difference The way 
I have reduced the percolation from a very high value to almost nil shows 
you also that tho problem is not a simple one. 

I wish to emphasise that the subject should be approached from its 
fundamentals, it is no use making experiments in the field, putting this 
thing and that thing nnd trying to stabilise tho soil on certain broad detaih 
that are given m some paper The problem has to ho studied with relation 
to the type of the clay, tho climatic conditions nnd other environmental 
factors Therefore, we must proceed from some laboratory experiments so 
that m the large scale testa in the field wo know exactly where we stand. 
The results could then ho watched in all its stages nnd tho conclusions will 
be sound and not arbitrary We must remember that n certain process 


succeed in one place and the same process may not succeed in another place. 
These failures aro likely to be discouraging. Therefore, to avoid them one 
must start from a bioad fundamental knowledge of the whole thing. These 
aie the few preliminary remaiks that I wanted to make. 

I have been asked by Mr. Murarilal to read his comments. He 
says that : 

'* The author in his paper has entirely omitted ihe mention of a very 
important and cheap material which can easily be had in many 
parts of the country and can advantageously be used to stabilise 
the earthen berms of our metalled roads. This is kankar, which 
used to be the main road-making material before the advent of 
motor traffic It is at any time cheaper than oils and cut 
backs, that are used in conjunction with soil and are better able 
to withstand the traffic. The cost of consolidating a mile of 
berm 16 feet wide with 3 inches thick layer of kankar will be in 
the neighbourhood of Rs. 2,000/- taking rate of kankar at Rs. 8'- 
per hundred cubic feet cod Rs. 2 /- per hundred cubic feet for 
consolidation. This amount compares very favourably with the 
experimental lengths Nos. 4, 3, 8, 9 of the author. 

*' Kankar does not require any introduction to the Engineers as its 
properties of cohesion and adhesion etc , are so well-known to 
them. It only needs a plea to come into its own and hold the 
same position in road construction that it did two decades ago. 

“ Still greater advantage of using kankar for stabilising berms 
consists in the fact that the berms so stabilised will provide an 
excellent base for grafting a skin of stone metal on it when 
widening the road." 

These are his comments, and, if I may be permitted to add, this subject 
of kankar in road stabilisation is also under investigation in the laboratory 
(Applause). 

Mr. Syed Arifaddin (Hyderabad-Deccan) The author in his excellent 
paper has classified soil as consisting of particles between .05 and .005 
millimeters diameters and clay finer than .005 millimeters. According to this 
definition silt is nothing but fine sand as the particles are measurable. A 
practical way of defining clay is that part of the soil which can bo washed 
out and what remains is sand or grit which can be graded into fine, very fine 
etc.; and we can standardize the sieve or the diameter of the particles in any 
manner we like. I have many a time determined the proportion of clay and 
grit in this manner. What we call silt is always found to contain clay and 
fine sand. I, therefore, think that it will be better to determine clay and fine 
sand separately instead of classifying them as one. 


can i 

best Louiuiiiauuu io give the best results under various traffic 
v. e can then come to some practical and definite conclusions. 


conditions. 


romm?nir^innl h ^ aiQ * Pta ?**Vr“ It is universally agreed that the future of 
a country* like India with its enormous size and poor 
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surface. 

I may lilflO mill tlml jlinl hofum III* Mnnnfi.i hum Mm «>mih i ,( MiimI 

experiments, Mr Midira Wl itutnii Imin f>n oHMmmII mIimmiU Im |.» 

carried out Tho main idea iiiid<>rl> lug tM« mil «.f • «|.»tlmnnl» hkn f>> h-Im 
force the soil with brick hallimt. h mil, limo 01 iinjMiili>i| <<).i > An IIiikii 
experiments have been made on ono borm out) of a molullml mini, Mint ohm 
very conveniently bo compared with tho stirfaco of tho other bm in whloli 
has not been treated. Thcso oxporiinonta liavo boon found to he tmioh mom 
satisfactory than thoso noticed in tho paper under discussion, hut hum 
again the mischief is that tho cost is very high 

Tho subject is of very groat importance to us and in my opinion all 
efforts in this direction aro well-worth tho troublo 

Mr Lakshminamyana Rao (Madras) — Over two longths, ono 100 
feet long and another GOO feet long of a village road, two experiments 
were made Ono was a failure but tho other was a little better— I won’t 
say pure failuro, but partial buccoss 

The first 100 feet length of village road was treated with oil. Three 
drums of tho cheapest grade of crude oil available in Masulipatam, wore 
mixed with sand and the same spread to a length of 100 feet and a thick- 
ness of one inch. After a time, I found that tho oil had evaporated and 
that the surface was not improved much. 

The second experiment was conducted after harvest seasons. Paddy 
hay was very cheap and cost about Rs. 8 to Its 10 per acre I purchased 
about Rs. 30/- worth of hay and spread it to a depth of 6 inches over a length 
of GOO feet and set fire to it taking care that the fire did not spread far. 
(Laughter) I am not a chemist and I do not know how the soil was changed 
Tho fire was started at 10 o'clock in the morning and it was continued till the 
fire subsided Water was then sprinkled on the surface so that the burnt 
ashes may not be blown away. It was found tlint tho soil on the top was 
burnt to bits of clinker — not hard, but modorately hard — and presented ft 
better surfaco I deduce from this that repeated burning of the soil, yield* 
better results I wish to placo thcso experiments Lcfore you, and hope to 
bo excused for taking 1 our tunc. . ^ 



Mr. H. B.Parikh (Karachi):— "With the advent of Lloyd Barrage Canals 
it is necessary to improve communications in Sind and there is a great 
cry from the public for improving the existing roads and constructing new 
roads where necessary. As we are not a lich province we have to be 
satisfied with earth roads for the most patt and we are therefore very 
much interested in soil stabilisation. 

We find from actual practice that some soils give a very good road 
surface Samples of such soils and other soils which cannot stand-up 
to traffic were sent to Dr Mackenzie Taylor and his advice for treating 
the latter soils so that they may prove satisfactory was sought. He 
suggested the use of Calcium Chloride and wc tried it on a short length 
The treatment improved tbo road surfaco. The only difficulty experienced 
was that the rubber tyres of the vehicles passing ovei it started taking off 
some soil from the road and the suiface again became very had Unfortun- 
ately before we could treat the soil further, those in charge of the road 
raised it with the result that we had to tiy out the same treatment in 
another place 

The details of the experiments wo have carried out will appear in a 
Special Soil number of “ Indian Roads”, which is going to be published 
shortly You will find therein that we have tried out not only treatment 
with Calcium Chlorido but that with Sodium Chloride and Molasses as 
well, which help to obtain a satisfactory suiface 

Then thero was the question of the cost of salt As one of tho 
mombers said, it will help to cheapen treatment if salt could bo had 
cheaply. With this end in view, we have already approached the 
Government of India who aro pleased to allow concession for salt used 
on roads by exempting it from duty. This has enabled us to get salt very 
cheaply * 

Now after carrying out those experiments I found that in some 
places the surfaco behaved very-well, but a little distance away from it, 
it was not behaving in tho same fashion, and it was rather difficult for 
mo to find out as to why there was so much difference. I started studying 
Utcca.tu.re on sails hut I (auud there was difference in the nomenclatures 
used with the result that different results of mechanical analysis were 
obtained for tho same soil. Assistance of a soil physicist was thus 
obviously necessary’. 

In tho meantime, Mr. Mitchell called mo to Lahore where the matter 
was discussed with Drs. Mackonzio Taylor and Puri and it was felt that 
• unless wo had some liaison officer who was an engineer and who could 
correlate tho results obtained in tho laboratory and in actual practice, it 
was very^ difficult to obtain satisfactory progress in the loscaich foi soil 
stabilisation. 

As a result I am very glad that Dr Pmi, has been interesting 
himself in tho maiter and Mr, Melira has been appointed as a liaison 
officer by the Punjab Government. Dr. Puri visited Sind and took away 
some samples of representative soils. We have got a laboratory in Sind 
where we get the soiU analysed. Dr. Puri suggested some improvements 
m the method of analysis in order to obtain results useful from stabilisation 
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point of view- We shall therefore bo able now to got all information 
properly and proceed on a more scientific basis. 

As you know, the nature of soils varies to a great extent from place 
to place. There is therefore difficulty in classifying the soils Again 
when the work is being carried out, the soil hom tho borrow- pits, which 
often differs from the soil on the original ground surface along the load, is 
put on the top of the road, and the original classification does not stand. 
So it is necessary that in the field wo should have some sort of rough and 
ready method by which we could analyse tho soils, find out what quantity 
of salt is necessary to be added etc., and in this connection help of a soil 
physicist is really necessity. If you yourself can analyse the soils you 
can find out quickly the. necessary details required for stabilising them 
and you will be in u better position to judge the icsult3 of your experiments 
and understand why different soils behave in diffeient fashions 

All this knowledge is necessary in order to progress satisfactorily in 
stabilising soils on our roads and I think it i* necessary, as I hope you 
will agree that we ought to c'airy on the research work for a number of 
years before wo are able to come to certain dofimto conclusions and are 
able to get certain definite lead horn scientific methods. 

Many methods, other than chemical treatment, for stabilising soils 
aro advocated Some ad\ocate burning soil on tho spot, others again 
advocate adding of cement Some advocate treatment with asphaltic oils. 
In actual practice it is very difficult to know what we should adopt unless 
wo know’ the different details of soils, and rclativo costs of different 
treatments. 

As Dr. Puri j'ust now said, in the road formula with certain coefficient, 
tho coefficient can be entirely changed by adding certain salt which will 
make the soil impermeable. Wo may apply the formula in actual practice 
and may find that water travels at a certain velocity in the soil but at 
some distance away we may find that water does not travel through it at 
all and wo may be perplexed m the use of the formula This shows that 
it is necessary to tackle tho problem in a scientific way 

I hope that this work of soil research will therefore be carried on 
until we come to certain definite conclusions on that aspect of the 
science which is very necessary for our work As you know, with tho 
advent of motor cars, the roads have great Ioad9 to carry and we have 
to find out somo sort of low cost roads by’ which we can provide proper 
communications with the amount of money that can be made available and 
satisfy the cry of the public At present we have got to choose onl\ 
between an earth road with the soil available and a metalled road and 
thero is no middle course to meet the demand of traffic which may not be so 
heavy as to require a metalled road. 

In somo places cement concrete trackway s may suffice the needs of 
traffic but if the soil is such that it may get cut up under traffic, it it 
dangerous to have trackways unless the soil on the sides of it bo stabilised 
Al«o, with the advent of motor buses tho side berms on metalled roan*. 
0 feet to 12 feet wulc, get cut up \ery badly utid it is quite necessary to 
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stabilise the soil in the berms. The bearing power of soils can be 
increased by stabilisation and the depth of crust to be provided can be 
reduced. Thus the soil stabilisation inteiests us from all such points of 
view and we must try out different methods till we make a success of the 
stabilising processes ( Applause ). 

Mr. S. K. G hose (Bihar) : — In this paper we should have been given 
a comprehensive bibliography to help other Engineers. I think in Paper 
No* O, there is a big omission- There is no mention of conditions pre- 
vailing in America ; well-equipped soil laboratories are m existence m 
America and I think America should have gone before England. 
In Page 2 (o) there is mention of water-bound macadam The author says, 
*' Still another use of stabilised soil could be made in the construction of 
the metalled portion of the road or in widening the existing metalling m as 
much as the brick-on-edge soling used in water-bound macadam could 
probably be replaced by stabilised soil at about one-fourth of the cost “ 

But as mv experience goes, at least m Bihar the brick soling is 
invariably laid Hat with good reasons I do not know if this is the case in 
other provinces In page 3 (o) the standard test for liquid limit is given 
for experiments to be carried out at 110 degiees centigrade I wanted to know 
if that was coirect 100 degrees might have been better. It would be very 
helpful if the design of the Sheepsfoot eaith roller as actually constiucted 
by Mr. Mohra, were given 

Incidentally I may mention that \eiy few book* on Poll Mechanics 
are kept in the Goads Congiess Libraiv, it would be very good indeed 
if the Bo ids Congress could publish standard books on Soil Mechanics m 
India. 


F«r the information of the members who may be intei ested m 
pursuing their studies I append the following Bibliography — “Highway 
Design and Construction’’ by Arthur G. Bruce, Intel national Text Book 
Company- Scranton, Pennsylvania 

“Soil Surveys for Highways” by F. II. Eno. Engineering Expeiiment 
Station Circular No* 33, Ohio State Untveisity, CoIumbu3, Ohio, 
July 2936- 

“Engineering Properties of Soils" by C. A. Hogentogler and C- A* 
Hogentogler Jr., 1937. 

“Cohesion of Earth" by Professor ‘William Cain. Transactions of the 
American Society of Civil Engineers Vol. LXXX (191G) 

Mr. C. D, N. Meares (Calcutta) May I ask Mr- Mehra whether he 
has established any relationship between compaction at optimum moisture 
content and stubilit)? 1 ask this, ns I understand, the latest practice 
is to compact at slightly less than the optimum ns one thereby obtains 
a higher stability and load-bearing capacity. 


Mr. KG. Mitchell (Gorermueet of India):- 1 , 1 0 tl lln k tlmt. fleet 
»nd foremost, «. should persevere with experiments. One of the spelters 
rc!crred t0 11,0 cosl ot experiments carried out. But what could be done 
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oUrermM? I io not think there i« nny ctlicr nay. honre.l.inc )>»• to to 
■done in this direction In courfc ol time «c hrpo that il nr ran reave 
improvements, at the result ol eipenmcnts. money tsvll to pomcl to im|le- 
nient the results. 


Mr. Mehift (Author) J *hall now laic up the f«int« rst»r,1 in 
connection with my paper. llai Sabcb latch Chand raid that, aecnrilirg 
to his experience, about 20 per cent clay Minted Mt and rot U to 30 |*r 
cent as mentioned by me on page 1 (o), hrt para. 

Now, there is o lot of confusion among Kngmeem a* to taint da> it 
The fjuMvWtt, of cHy.ns determined in a soil, would dej-end entwtlycm the 
method ol determination. Further, in some »oils ciaj exists m a flocculated 
state whereas m others it exists m a dispersed state 10 | cr cent of clay in n 
sodium soil would bind it beautifully whereas the *amc quantity in a calcium 
soil may not he enough. This is due to the fact that m the former ct«c the 
clay exists in a dispersed state nod in the latter ca«c, in an im<h»pcr fi ed itate 

1 personally put no faith in the clay content ns determined fre-m 
experiment. I design my mixtures according to t ho plasticitj index which 
, is a measure of the range of moistuic content within which the foil remains 
plastic and which gives no indication ol tho coho«ivcncss ol the clay 
present For unmetailed roads, I keep the plasticity index Ictuccn 7 nml 3J 
depending on tho climatic conditions of the locality It is kept low in 
wet regions and high m dry places 

Mr. MurariiaJ odrocates the use of kankar. Whereas knnknr has 
proved a failure in comparison with stone metal for metalling, its admixture 
With soils for providing frictional stability is under investigation as already 
pointed out by Dr. Puri. 

Syed Arituddm suggests that the clay content m a soil ran hr> deter- 
mined by washing off. The method is extremely crude and is very likely 
to lead to grave errors. It is not recommended at nil us the results may he 
easily found to be out by a coupta at lum/Xtcd- y/i k mpi. 

Syed Arifuddm said that fine sand should also liml a place m the 
classification of soil ingredients Whereas tho onh conect va\ of roprrsent- 
" ' ' s.uy tint tho technique 

i.ige engineer can carry 
■ loadh a»«) concerned, il 

does not appear necessary to go to those fine limits and. thoiehno, onlv three 
ranges of particle size have been adopted, nr cluv, silt ami sand 


Mr Tlndiiram said that the cost of ^xfierininnlal length No. u i* tor 
high, uz fls. 4200 per 1C, feet mile It is tenlly so. hut it must ho 
into account that half this cost goes tow aids tho puce paid f«w common i ^ 
at market rates Tho cost could ho fmther rocluee.l a« hiiggesleil m n J 
introfluctoi y lemnilcs 


Mr Lakshmmaraj ana ltuo idci red to the hwiniug 
phenomenon is already under investigation by Dr J i>*i 
sufficient laboratory data is available an effort will ho made 
field conditions. 


of soils Tib 
and as soon n 
to apply »t t‘ 
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stabilise the soil in the berms. The bearing power of soils can bo 
increased by stabilisation and the depth of crust to be provided can be 
reduced. Thus the soil stabilisation inteiests us from all such points of 
view and we must try out different methods till we make a success of the 
stabilising processes (Applause). 

Mr. S. K. Ghose (Bihar) : — In this paper we should have been given 
a comprehensive bibliography to help other Engineers. I think in Paper 
No- O, there is a big omission. There is no mention of conditions pre- 
vailing in America ; well-equipped soil laboratories are in existence in 
America and I think America should have gone before England. 
In Page 2 (o) there is mention of water-bound macadam The author says, 
*' Still another use of stabilised soil could be made in the construction of 
the metalled portion of the road or in widening the existing metalling in as 
much as the brick-on-edge soling used in water-bound macadam could 
probably be replaced by stabilised 6oil at about one-fourtli of the cost ” 

But as my experience goes, at least in Bihar the brick soling is 
invariably laid flat with good reasons. I do not know if this is the case in 
other provinces. In page 3 (o) the standard test for liquid limit is given 
for experiments to be carried out at 110 degrees centigrade I wanted to know 
if that was coirect 100 degrees might have been better. It would he very 
helpful if the design of the Sheepsfoot earth roller as actually constiucted 
by Mr Mehra, were given 

Incidentally I may mention that very few books on Roil Mechanics 
are kept in the Roads Congress Libraiy, it would be very good indeed 
if the Ro ids Congress could publish standard books on Soil Mechanics in 
India. 


por the information of the members who may be intei ested m 
pursuing their studies I append the following Bibliography — "Highway 
Design and Construction” by Arthur G Bruce, Intel national Text Book 
Company- Scranton, Pennsylvania 

"Soil Surveys for Highways” by F. II. Eno, Engineering Experiment 
Station Circular No- 33, Ohio State Umveisity, Columbus, Ohio, 
July 193G 

"Engineering Properties of Soils” by C. A. Hogentogler and C A» 
Hogentogler Jr., 1937. 

"Cohesion of Earth" by Professor William Cain, Transactions of the 
American Society of Civil Engineers Vol. LXXX (I91G) 

Mr. C. D. N. Meates (Calcutta): — May I ask Mr- Mehra whether lie 
has established any lelationship between compaction at optimum moisture 
content and stability? 1 ask tins, as I understand, the latest practice 
is to compact at slightly less than the optimum as one thereby obtains 
n higher stability and load-bearing capacity. 

Mr. K. G. Mitchell (Government ol India) I do think that, first 
and foremost, wo should pcrse.ero with experiments. Ono of tlio speakers 
h.o referred to tlio cost of experiments carried out. But what could bo dono 




Mr. Ghose wanted to know why the drying of samples was done at 110 
degrees centigrade This is in order to be sure of driving out all the water 
from the samples. It is the standard practice. Mr. Ghose also wanted to 
know the cost of a sheeps-foot roller. The roller cost me about Rs. 200/ — 

Mr. Meares wanted to know the relationship between stability and 
moisture content. He said that compaction at a little less than the optimum 
moisture would perhaps give maximum stability Whereas for earth roads, 
which are not waterproofed by surface treatment, compaction at optimum 
moisture definitely gives maximum stability under varying weather conditions, 
the question needs further research in the case of soils to be waterproofed 
from above and below by surface treatment. 

Hr S G Stubbs (Chairman) —I ask you, Gentlemen, to join me m 
giving thanks to Mr Mehra for his valuable paper and also to >ou for your 
most valuable discussions 1 hope \ou will find in my address what we in 
this country require We lequire thousands of miles of loads but owing to 
limited funds we c\n only metal a vet > few. Therefore, unless we dense wajs 
and means for improving the existing earth roads, this country would go 
without having good loads at all 

We ara gratified to hear that step3 are being taken to improve earth 
roads on a scientific basis, but unless we all co operate in the w’ork that'is 
being done, nothing important could be effected. The Government of Inaia 
have contributed substantial sums for i esearch in the w 01 k and Mr Mehra has 
been appointed to bring togetliei successful results of work done in vatious 
fields. I feel, if we work together, the time is not far distant when earth 
reads will be improved veiy considerably. 



lWl’KK Q. 


Mr. 0. P. Bhand&rktr (Chairman): — Unfortunately Mr. Iladice if not 
hfere. I understand lie if now in England. Mr. 1! S. Kirk of Mc««r«. Uraith- 
waito Hum and Jessop Construction Company, Ltd., will therefore pretent 
the paper for him. Whatever comment? are made will Ikj sent to him to 
England for reply and will be incorporates! in the Proceeding*. 

The following paper was then taken as read : — 




PAPER No. Q. 


SURFACE TREATMENT OF CONCRETE ROADS WHEN OUTWORN 
By 

W. A RADIOS. V.D., B.A. (Cantab), A.M. Inst. C.E., M. Inst. I.E 


During the Fourth Indian Roads Congress held at Hyderabad (Deccan) in 
January 1938, Mr L. B Gilbert, then Consulting Engineer to the Government 
of India (Roads), brought to the Author’s notice the question of outworn 
Concrete Roads, especially as in the United Provinces there were many miles 
of concrete road and the day would inevitably come when some sort of 
surface treatment would become necessary if any attempt were to bo made 
to conserve as great a part as possible of the value of the concrete 

That a concrete road, oven when the surface has disintegrated to such a 
degree as to render repairs no longer useful, has a definite value as a foun- 
dation, there can be no question The problem is to discover the most 
economic and efficient means to utilise this foundation 

In this paper it is not proposed to discuss the comparative merits of 
possible treatment since the Author is unaware of what has been already 
thought, written and done towards finding and testing out a satisfactory 
surfacing He has, however, some special information at his disposal, col- 
lected at some trouble and expense when he was engaged in assisting in the 
preparation of an alternative design for the New Howrah Bridge now in 
course of construction in Calcutta, which may bo found useful to those con- 
cerned with the problem 6tated The purpose of this paper is therefore to 
record the information and make it available to Members of the Indian 
Roads Congress 

The bridge referred to is a cantilovor bridge with a central span of 1600 
feet In a structure of such dimensions carrying a roadway and footpaths 
100 feet wide, every pound per square foot of weight saved from the doad 
weight of the roadway is of considerable effect on the cost of the super- 
structure as a whole 

During the work of investigating this important question it was dis- 
covered that in Pittsburg, USA, the Smithfield Street Bridge, an arterial 
road and rail bridge in tho centre of the town and carrying a very hcav> 
traffic, had become too weak to carry the increased modern live loads It 
was a question of either finding means to lighten the dead load or rebuild the 
bridge After considerable study it was decided to remove entirely the old 
floor system and replace it by a new floor system entirely made of 
aluminium. 

This floor consists of flat metal plates (just like the deck of a battleships 
some f inch thick laid direct on channels about 8 inches apart and supported 
by the cross girders, etc. On this smooth metal surface the surfacing is laid 
direct and is only lj inches thick on the roadway. On the sidewalks the 
surfacing is reduced to J inch thickness 

A letter is appended from the Chief Engineer of the City of Pittsburg, 
reporting on tho behaviour of this surfacing and also full specifications for the 
surfacing tor the roadv\a> and footpaths, as actually laid 



It would appear that this surfacing, having behaved satisfactorily under 
some years of traffic when laid on a fiat metal plate in such thin layers 
might be found to be a suitable surfacing .material to lay on a worn out 
concrete road, if slightly modified as suggested in the Appendix. 

Should any one interested like to try' it out, a word of earning is neces- 
sary. Results are not likely to prove satisfactory if the surfacing is laid 
direct on the rough untreated surface of a worn out concrete road. It is 
essential that the surfacing be of uniform thickness and to achieve this all 
broken up and loose parts of the concrete must be removed carefully and the 
whole surface plastered dead smooth. No particular attention need be paid to 
secure specially good adhesion between the plaster and the old concrete, as 
the plaster being covered will not be exposed to mechanical action. 

Whether this suggestion will prove useful or not, it is impossible to tell 
without trial. The facts, as ascertained and reported in this paper are offered 
for what they are worth and in order to provoke constructive criticism- 



APPENDIX. 


Letter from the Chief Engines, Department of Public Woihs, 

City of Pittsburg, Pensylvanta, dated Novembe i 22nd, 193i. 

Your letter of July 18th, 1934, addressed to the Chief Engineer of the 
Department of Public Works of the City of Pittsburg and requesting 
information regarding the paving on the Smithfield Street Bridge has not 
been previously answered for the reason that wo desired to have more 
experience witli this paving before reporting on same. 

We are attaching copies of the Specifications used for tho Bidewalk 
paving and for the roadway paving. The sidewalk paving is wearing excellently 
under traffic The roadway paving, however, seems to be somewhat too 
rich in asphaltic content and tho particle sire of the coarse aggregate seems 
to be somewhat too small. As a result there is a tendency for this paving 
to push and ciowd under vehicular traffic, particularly near the ends of the 
bridge where it is frequently necessary for rapidly moving vehicles to 
suddenly apply their biakes, thus exerting a drag on the paving. 

When it becomes necessary to replace tho paving the Department of 
Public Works will probably specify a mixture having a somewhat lower 
asphalt content and a somewhat larger particle size, in order to overcome 
this movement of the paving In general, however, the paving has been 
veiy satisfactory and there has been no difficulty with adhesion between the 
inetal plates and the asphalt surfacing 

The paving seems to perform equally well in cold and hot weather 
During the last year Pittsburg has had temperatures varying from zero to 
ninetyeight degrees Fahrenheit and July and August were especially hot, 
averaging temperatures during the daylight hours in excess of seventyfive 
degrees 


COLD MIX SINGLE COURSE ASPHALT WEARING SURFACE 

S/anduid Specification for 1^ inch single course asphalt pavement on new 
aluminium roadway floor of Smithfield Street Budge 

Geneial , — Tins specification covers the construction of inch single 
course cold laid asphalt pavement on a new aluminium bridge floor 

Foundations — Upon the foundation, consisting of an aluminium plate 
bridge floor, prepared in such manner as to produce a firm, unyielding 
surface, regular as to longitudinal grade and uniform, as to cioss section, as 
specified by the Engineer, properly swept and clean, shall be laid cold asphalt 
pavement. 

Payment — The asphalt pavement shall consist of n one course asphaltic 
mixture that has been proved a successful paving material by actual service 
under heavy traffic conditions for at least five years, spread and compressed 
upon the prepared foundation. 

TAickness — After it has received its final compression by rolling, tl e 
asphalt pavement shall have a minimum thickness of lj inches 



Mtxtuie . — -The formula used for preparing the cold asphalt paving mixtures 
shall be set to proportion them to the best advantage from the materials 
hereinafter specified, but not to exceed the following limitations : — 

Materials : — 


Broken Limestone 

83 0 to 90 0 per cent 

Liquifier 

0 4 to 1.0 „ 

Asphalt Cement 

5 0 to 7.0 

Hydrated Lime 

0.5 to 1 0 „ 

Mineral Filler 

0 0 to 8 0 „ 


Broken Limestone shall be mechanically air dried and clean, tough, sound 
and durable, and shall be graded fiom coatse to fine, all passing a screen 
having circular openings h inch in diameter and be retained on an eight 
mesh laboratory screen Liquifier shall be a mineral oil the specific gravity 
of which shall be between 0 814 (42 degrees B) and 0 788 (50 degrees B) 
and which shall have a fl ish point of not less than 105 degrees Fahrenheit 
Asphalt Cement shall be of such quality that it will meet all tests piovided 
for asphalt cement, including the following : — 

1 It shall be homogeneous and flee from water. 

2. The specific gravity at 77 degrees Fahrenheit shall not be less than 

1025. 

3. The penetration at 77 degrees Fahrenheit shall not be less than 65 

nor more than 95 

4 The ductility at 77 degrees Fahrenheit shall not be less than 50 
centimetres 

5. The loss on heating at 325 degrees Fahrenheit shall not be more than 
3 per cent and the loss in penetration after heating shall not be 
more than 50 per cent. 

6 It shall not flash below 350 degrees Fahrenheit open cup method. 

7 It shall not contain less than 95 per cent bitumen. 


The methods of testing shall be as follows : — 


Spocific gravity — 

American Society for Testing Materials D70-27 

Penetration — 




D 5-25 

Ductility — 


•> >> 

.. 

D113-3S 

Loss on heating — 




D 6-30 

Flash point — 



M „ 

D92-94 

Bitumen — 




D 4-27 


Hydrated Lime shall meet the requirements of the American Society 
for Testing Materials O 6-24. 

Mineral Filler shall ho clear crushed stone screenings, 90 per cent 
of which will pass an eight mesh laboratory sieve. 

Mixing . — The materials specified above, in the proportions of the formula 
fixod, shall bo introduced into each batch in the rotation and combined in the 
manner hereinafter set forth. 



The dry broken stono, at a temporaturo not over 85 degrees Fahrenheit 
weighed out separately to tho quantity specified, shall bo placed in a twin 
pug mill and mixed until uniformly intermingled. 

The liquificr measured in a calibrated device to proy ido tho exact quantity 
specified, shall then bo sprayed into the mixer, in such a manner that it will 
uniformly pcnctrato tho surface voids of tho broken stono and fully coat the 
surface thereof, and tho mixing continued until the stono is thoroughly 
coated. 

The asphalt cement, weighed in a special distributing bucket attached to 
a special scalo equipped for quick adjustment, shall ho poured into tho mixer 
in such a manner and at such a temperature between 250 degrees Fahrenheit 
and 300 degrees Fahrenheit that it will uniformly coat the surface of the 
hquifier, impregnated and covered broken stone and the mixing continued 
until the batch presents a uniform black colour 

The -hydrated lime, exactly weighed and measured, shall then be 
sprinkled into the mixer, in such a manner that it will be uniformly in- 
corporated m the mixture, and tho mixing shall ho continued until tho 
whitened mass has attained its former black lustre 

The mineral filler, carefully weighed, shall then bo introduced into the 
mixer in such a manner that tho particles will be uniformly spread through- 
out the mass by adhering to the liquifier-asphalt coated fragments of broken 
stono which form tho body of tho mixture, when the batch is completed and 
ready to bo dumped. 

Transporting — Rail shipments shall be made in cars free from dirt and 
lightly sprinkled with 6and or screenings, and the asphalt paving mixture shall 
bo so loaded in tight vehicles, cart3, wagons or trucks, previously cleaned of 
all foreign materials and delivered to the work, that it will not become con- 
taminated in any way. 

Laying — The asphalt paving mixture shall bo laid on a dry base, properlj 
prepared and clean, and only when weather conditions are favourable. 

The mixture upon arrival at tho work, shall be deposited on the outside 
ol the area on which it is to he laid, distributed into place and spread in a 
uniformly looso layer of such depth as will produce a finished paxement at 
least one and one half inches thick after compression rolling The longitudi- 
nal grade and cross section shall bo supplied by the Engineer to tho Con- 
tractor who shall adhere strictly thereto in performing the work 

Rolling . — Adjacent to flush curbing, gutters and structures used as headeis 
the mixture shall be spread uniformly high, so that when completed it will 
be slightly above the edge of said abutments For a radial distance of 
eight inches round all structures and locations inaccessible to the roller, the 
compression shall be effected with a tamper weighing not less than 33 pound 15 

The asphalt mixture, ns soon af tor spreading as is convenient, or advisable 
shall be compacted by rolling, at minimum speed, with a power roller 
weighing not less than 10 tons The roller shall begin at the sides anil 
travol longitudinally gradually mowtig towards tho centre of the roadway b\ 
overlapping about ono half tho width of tho wheels each trip 



Wherever, daring the rolling, low spots appear, additional mixture shall 
be spread thereon and rolling continued until the surface is regular and of 
even texture 

SPECIFICATION FOR SIDEWALK SURFACING. 

The sidewalks shall be surfaced with either an asphaltic mastic or with a 
cold process asphaltic paving as described below. In either case the sur- 
facing must be capable of carrying foot traffic not more than ten hours after 
its application. 

Asphaltic Elastic Surfacing . — The composition of the asphalt mastic 
surfacing shall be as follows : — 

(1) Hard flax approximately 6 per cent. 

(2) Asphalt mastic approximately 47 per cent 

(3) Mineral aggregate approximately 47 per cent. 

Said Flux . — The hard flux must be of an approved asphalt base and have 
a penetration of 50 and a fire point of not less than 500 degrees Fahrenheit. 
It shall be delivered tn the original drums or barrels. 

Asphalt Mastic . — The asphalt mastic shall consist of a limestone rock 
asphalt, finely ground to pass a No. 8 laboratory sieve, unless some other 
mastic be approved by the Engineer. 

Mineral Aggregate . — The mineral aggregate shall consist of clean, well 
screened limestone chips passing a No. 4 screen and clean fine sand, the 
combination being so graded as to reduce voids to a minimum. 


Muring — These materials shall be charged into the mixing kettles in the 
order stated above riz , 1, 2 and 3 The flux and mastic are to be melted 
before the addition of mineral aggregate, and the combination i<? to be mixed 
until it is uniform and homogeneous. The temperature at no time shall 
exceed 450 degrees Fahrenheit and the temperature of the mixture when laid 
shall not be less than 325 degrees Fahrenheit 


Spreading and Laying . — Before applying the surfacing, the metal surface 
of the sidowalk'most be thoroughly cleaned and be free from dust, dirt, grease, 
oil, moisture and loose particles. 


Before lax ing the asphaltic mastic and immediately in advance thereof 
the surface of the sidewalk shall be given a mop coat of hot asphalt of an 
approved base and penetration to secure proper bond. The hot asphalt mastic 
, 1 gle layer so as 

■ " used to form 

• mastic cools 


and rubbed to a smooth finish with the usual 


ind/or cement 
smoothing tools or floats. 


COLD PROCESS ASPHALTIC PAYING. 

Composition — Tlic cold process asphaltic material shall be composed ol 
the following materials 


1. Aggregate 

2. Tiller 

3. Asphalt Cement. 



Aggregate , — The aggregito nliall consist ofmnd or limc*tono Pcroenim*i or 
A mixture of the two The Rind shall consist o( clc\u, hard, durablo grains, 
free from chy, loam or other foreign matter. The limestone •icrcenings shill 
bo free from weathered particles and tho larger particles shall Ikj free from 
adhering dust. All material shall pv«s tho } inch screen and conform to 
tho following grading : — 


Passing 200 mesh 

„ 80 „ retained 200 

„ 40 .. 60 

„ 20 „ „ -10 
.. 10 „ 20 

.. i 10 


0 to 25 per cent, 
mesh 12 to -10 „ 

.. 12 to 10 „ 

12 to -10 „ 

„ 12 to 10 „ 

0 to 30 


Filler — The filler shall be thoroughly dry limestone dust or other suitable 
material as specified by the Engineer, tho wholo of which shall pass a 30 mesh 
sieve, and at least 75 per cent of which shall pass a 200 mesh sieve. 

Asphalt Cement. — (a) The asphalt cement shall bo used in two component 
parts, of which the first shall be a grade of asphalt hard enough to be 
reduced to powder in an impact mill, whilst tho second part shall bo a grade 
of asphaltic flux oil which is capable of complete amalgamation with the first 

lb) The bird asphalt shall conform to tho following requirements — 

1. It must be homogeneous 

2. Solubility in carbon disulphate, not less than 99 per cent 

3. Solubility in carbon tetra chloride not less than 95 per cent. 

4. Penetration at 115 degrees Fahrenheit, 100 grams, 5 seconds : 5 to 15 

5 Penetration at 77 degrees Fahrenheit, 100 grams, 5 seconds • 3 to 5 

6, Melting point (Ring and Ball), 240 degrees to 275 degrees Fahrenheit 


The hard asphalt must bo reduced to powder in an impact mill. As used, 
not less than 50 per cent of it shall pass an 80 mesh screen and 95 por cent 
shall pass a 20 mesh screen 


(c) The flux oil shall conform with the following requirements — 


1 It must be homogeneous and free from watei 

2 Specific gravity at 77 degrees Fahrenheit not less than 0 97 

3 Viscosity Furol at 122 degrees Fahrenheit, 600 to 800 seconds 

4. Loss on heat — 5 hours, 50 grams, at 325 degrees Fahrenheit, not 

more than 5 pei cent 

5. It must not be capable of complete amalgamation with the hard 

asphalt 

(of) The flux oil and hard asphalt shall be of such characteristics that a 
combination between 45 and 55 per ceut of either component will produce an 
asphalt cement of 70 penetration, and in the manufacture of the pavement the> 
shall be mixed in such proportions as will produce when completely 
amalgamated , an asphalt cement of the penetration required bj the Engineer. 
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{«) The asphalt cement in the pavement shall meet the following 
requirements for physical and chemical properties : — 

1- Specific gravity at 77 degree Fahrenheit not less than 1.02 
2 Flash point, not less than 317 degrees Fahrenheit 
3. Penetration at 77 degrees Fahrenheit, 100 grams, o seconds: 50 to 80 
1, Ductility at 77 degrees Fahrenheit not less than Io 
5. Loss at 325 degrees Fahrenheit. 5 hours, not more than 3 per cent 
6 Penetration ol residue at 77 degrees Fahrenheit, 100 grams, 5 seconds, 
as per cent of original penetration : not less than 50 per cent, 

7. Total bitumen soluble in carbon tetra-chloride not less than 9S percent. 

Mixing. — (a) The aggregate shall be thoroughly dry and shall reach the 
mixer at a temperature not exceeding 110 degrees Fahrenheit. 

(6) The flax oil shall be used at a temperature not exceeding 125 degrees 
Fahrenheit The hard asphalt shall be reduced to a powder as above specified. 

Grading, — The grading and composition of the mixture shall conform 
to the limits stated as follows : — 


Bitumen soluble in 

carbon bisulphate 

... 9 to 11 percent. 

Parsing 200 mesh 


... 9 to 19 „ 

„ 80 ,, retained on 200 mesh 

... 10 to 33 

„ io 

., so „ 

... 10 to 33 

„ 20 „ 

„ „ 40 „ 

... 11 to 31 

,, io „ 

.. 20 „ 

... 10 to 33 

i 

„ 10 „ 

... 0 to 24 

Afiring. — The various 

components of the mixture shall be separately and 


accurately measured by weight for each batch to be mixed. 

The limestone filler may be introduced, either partially or wholly, in 
conjunction with the pulverized hard asphalt The mixture shall be made in 
an approved twin pug mill or other type of mixer satisfactory to and 
approved by the Engineer, by first charging it with the mineral aggregate 
including optionally the filler and adding thereto the weighed quantity of oil. 
The mixing shall be continued until every particle of the aggregate is entire- 
ly coated with the flux oil. At this stage a weighed quantity of the powdered 
asphalt shall be added, either alone or in combination with some or all of the 
filler and mixing shall be continued until the powdered asphalt is evenly dis- 
tributed throughout the mix, when it will be ready for discharge from the 
mixer. 

Cleaning. — Refore laying the sidewalk plates shall be thoroughly cleaned 
and freed from dirt, grease and oil. 


Laying — Before laying the plates shall he coated with waterproof 
coating as hereinbefore specified, in two coat3, to afford a satisfactory bond 
The material shall be spread, by shovels, rakes or other approved snreadin* 
devices in a loose aver of such a depth that after compaction it shall bare a 
depth of not less than £ inch. The material shall then be rolled with a hand 
roller weighing not less than 200 pounds and not less than 12 inches in 
St f uT il • h . oroush l . compaction is secured. At points not accessible to the 
roller the mixture shall he thoroughly tamped with iron tampers The 

* ho * no Tariation from the general surface in excess of 
>. inch per foot ordinate o( „ le„ foot straight «3 se , Ml UIKm tL\Trhc, 


parallel with tho path of traffic 
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paving to pash and crowd under vehicular traffic, particul.nl v near the 
ends of the budge where it 13 fiequently nece&s.irj’ for rapidly moving 
vehicles to suddenly apply their brakes, thus exerting a drag on the 
paving". 

This shows that the paving which has been recommended has not been a 
success. 

Further on it is stated that :■ — 

‘'When it becomes necessaiy to replace the paving, the department of 
Public Woiks will piobably specify a mixture having a somewhat 
lower asphalt content and somewhat larger paiticle size in order to 
overcome tins movement of paving”. 

This shows that the specification recommended is not an ideal one. 

On page 4 (q) it is stated that . — 

“The penetration at 77 degrees Fahrenheit shall not be less than Go ami 
not more than 03”. * 

The range of penetration is too wide. We generally specifj penetiaticn to 
40, 60 to 70, 80 to 100, etc. 

You cannot get tho same results with asphalt of 65 penetration as with 
as 30 an asphalt of 05 penetration. 

The pavement has been described as “Cold Mix", whereas on page 5 (ql, 
para 3 reads as under : — 

•’The asphalt cement, weighed in a special distubuting bucket attached 
to a special scale equipped for quick adjustment, shall be poured into 
the mixture in such a manner and at such a temperature beticecn 250 
(Uqrees rahrenltul and 300 degrees Fuhienhict. 

This makes it hot mixture and not cold mixture as shown in the heading. 


I am, therefore, of opinion that we should leave it to the local experts of 
concrete, tar and bitumen to guide us as to what kind of treatment would be 
suitablo for a cement-concrete road m a particular locality, as they are in a 
better position to know tlic local conditions of aggregates and their behaviour 
in concrete and asphalt mixtures. 

\Vo cannot confine ourselves to ono particular specification as local 
conditions vary at different places. 


Hr. Brijmohau lal (Punjab) Tho method of surface treatment of worn 
out concrete roads su-jested in tho paper under discussion appears imprncti. 
cable for hems adopted in the working conditions of tins country Tiro 
methods ot tcatin S weishing land .mains tho different metals are too com,, I,, 
cited for field work here. Tho cost per hundred s,,uaro feet is also likely to 
1,0 very In;!,. In this connection attention is imitcd to a small noto that 
Xw C .i° n r,S0 1S7 ° lh ' dh '' tor December. 1U38 reproduced 


*Concrel« Road Resurfacing — 1’nrtlv us nil 
Concrete road m Pemiyaj lvatua has been 


experiment a 
resurfaced with 


length of 
a 2 inches 
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layer of concrete by the Vacuum Process. This method was adopted 
inurefeience to the complete lelaywg of the load and it was con- 
sidered that if a now concrete finish could be made to bind effectively 
with the old slab so that it became an integral pan rather than an 
added but separate layer, a thickness of two inches was adequate”. 

In my opinion some alternative on the above lines would suit the 
Indian conditions better. 

Mr Dildar Hosain (Hyderabad-Deccan) : — The author is to be congratu- 
lated for having made valuable contributions on the subject before the 
Indian Roads Congress The subject is one of very great importance. In 
Hyderabad we have considerable milages of cement concrete Toads which 
will become due for reconstruction. I would, therefore, like to put a few 
queries so that we may get the benefit of the experience of the members. 

(1) It would be interesting to know whether the author can offer anj 
suggestion as to how the aluminium floor system should be fixed on the old 
concrete base of a worn out road after it has been plastered and made ready, 
as suggested in the paper, keeping in view the effects of temperature. 

(2) In the case of bridge flooring, while the introduction of aluminium 
will no doubt reduce the dead load so far as the decking is concerned, would 
it not imply the introduction of some stringers to secure the dispersion of 
live load because of the thinness of the flooring This would mean that 
while tbe weight of the flooring is being reduced, the weight of the super- 
structure is being increased 

(3) It would be interesting to know if any members of the Indian Roads 
Congress have had an opportunity of trying the Vacuum Concrete Process, 
referred to in the Engineering News Record of December, 1935, October, 
1936, and March 1937. That process consists of forcing a bond between the 
old and new concrete by atmospheric pressure (about 1500 pounds per square 
foot) brought into action by suction on special ' Vacuum Mats ” 

Excepting for the initial cost of the vacuum equipment the process 
appears likely to prove cheaper in the long run 

Mr. D. Nilsson (Bombay): — It appears to me that the best method ol 
repairing the worn surface might be by applying l£ inches to 2 inches of new 
concrete by the Colloidal grouted process. For this broken metal only 
requires to be spread and lightly rolled and then the Colloidal grout is poured 
into this metal. Being generally of a 1 to 1 mix and therefore a very strong 
grout it will bond much better I think with the worn surface than would 
— a * • - ' * ’ '' ■ ’ ' not been able to try this 

concrete road requiring 
be both very satisfactory 

and economical. 

Rai Bahadur A. C Mnkerjee (United Provinces) : — As there is a fair 
milage of cement concrete roads in the United Provinces, the problem of 
resurfacing of worn out concrete roads has been engaging our attention from 
some time Several things have been tried but I am sorry to confess that 
so far we have not found any treatment which can be recommended definitely 
for adoption. 



Broadly speaking there can be two kinds of surfacing ono using cement 
as the binder and the other using bitumen for the purpose Surfacing* with 
cement as binder can, among other things, consist of cement mortar or cement 
concrete, while among bitumen surfacings are bitumen paint, premix carpets 
(hot or cold) or asphaltic concrete carpets. 


We tried Gilmte—i e. cement mortar sprayed on to a damaged concrete 
road surface, udder pressure ko as to build up a layer I inch to I 5 inches 
thick. This could also be reinforced. It "'as not, however a success. It 
broke up under traffic and liad to be taken up and removed. 

Surface painting with bitumen was tried but failed in a short time under 
the iron tyred heavy traffic. In one section bitumen premix carpet about 
1 inch to li inches thick was tried but this too was not a success, although 
it did much better than surface painting. 


Provinces, j . tu>u» ««*•- - 

on worn out concrete roads is a cemeo^i;uu«<c*o aia 
or even inches thick, and reinforced if necessary. 

Mr. S. G. Stubbs (Panjab) .-—The only solution of the problem is to lay 
either a thick bituminous carpet or another layer of concrete on a worn out 
concrete surface. If a thin bituminous carpet is laid on concrete, the aggre- 
gate is bound to be crushed and the carpet will fail 

Mr. B N. shew (Calicut) :-It means that the surface has worn out to 
such an extent that resurfaces .s necessary. There , 8 no reason tWfnra 
why we should not mate it up ebroujjhout with concrete of 2 inches thick! 
ness, with reinforcement, of course In Madras Pres, deucy 

ntlj to 2 inches thickness. That would 
' ' 1 J 0 " tan preferably also use concrete, 

' : “ cbes tbict ' concrs ‘ e - ™ hai e "^se smaller sires 

ns the base below which was uny.eldi" ‘ h *r ’’“t ?i°‘ T* IhM, a “7°*° 
nsuh.lt construction on a 

f.ciof.w? bemtaforai 1 r) i7tWco el d er3 .!T ‘ ? ‘r sM li '° re8ur ‘ 

I would su--est that “ -V c ?" !,der tiiat reinforcement is necessary 

wUaehotdd not U^SbSlSbSSiT •"'“'f “**• “« >««?• 
rfngs of about 21 inches „ ‘ f™t Ji. t - n P ‘" n r V s ' a ” 11,8 fo ™ °< 

3 feet or i feet centre.! ' tlle r ' n S a >>™S spated at about 


taken upt °' fV?”"' 10 will be 

that they cannot 1 ,„ scenand™ ^ Wn C 88 minute 

reinforcement i, „ se d the re-surfacing may crS at In I ?'?' V ° rai "aT 
craekwil, then he of a more series na.J an,/ SfiSS 
me. u. ?. Bhandxrkar (Chairman!* t t •, 

Inro not been very fair to the author Tim .?,' afral<i E0 ™ c! U'O speakers 
apecal information at his disposal. , V’ 5 ? , ll ' at >■« has some 

l uo lias Simply furnished the information 
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and has not laid down any specification to bo adopted in India, for putting a 
new surface on cement concrete roads. I think lie has done valuable service 
in introducing this subject. 

We find that concrete roads have started well and it is time we considered 
some method of dealing with worn out surfaces. Concrete roads have 
generally a long life and are meant to stand bullock-cart traffic They 
will need resurfacing, and it is a matter for consideration which material will 
stand bnllock-cart traffic. In my opinion it is no use thinking about asphalt. 
We must have concrete to concrete. Whether it is going to be reinforced in 
any particular way, will depend upon the method wo proposo to adopt. 

Gentlemen, I think you will join me in thanking the author for introduc- 
ing this valuable subject at this session of the Indian Beads Congress. 


CORRESPONDENCE. 

1. Comments made by Mr. W. F. Walker, Executive Engineer, 
(Meerut,) by post, on Paper No Q. 

In the future this question may be an important one m the United 
Provinces where we already have 90 miles of cement concrete roads and where 
additional miles are being steadily added. These miles are standing very well 
and the question is not an immediate one 

The success of tho thin concrete slabs which aro only 2 or 3 inches thick 
is believed to be largely due to the excellent foundation on which they aro 
laid In England and elsewhere a very usual form of road construction is to 
provide a cement concrete foundation and over this to lay a black top 
travelling surface If our concrete becomes worn or cracks badly it can then 
bo used as a foundation for a bituminous grouted surface or a premix or even 
a thin bituminous concrete sheet I personally see no reason why another 
thin cement concrete slab should not be laid over the old concrete thus giving 
another 15 to 20 years life to the road 

1 . CovKattits mte by Mr. K IS SwctAi, (Hydttubatl -Deccan), by pest, 
on Paper No. Q. 

Our thanks are due to the Author for stimulating the solution of 
problems that engineers will have to face, m the not distant future, in tho 
restoration of cement concrete roads. 

When the cement concrete roads were first introduced in the City 
of Hyderabad some nino years hack there wero some criticism and discussion 
among tho local engineers about their future restoration and the general 
trend was in favour of some sort of coat with tar or asphalt concrete as 
suggested by the Author. 

To my mind, the question will have to bo decided on the condition of 
the road at the time the restoration is taken up and on the nature and 
intensity of traffic it haso carry. 

Take a case when tho engineers are wide awakn and are able to bring 
homo to tho authorities concerned tho neccssitj of restoring a cement 
concrete road which has begun to show' signs of potential failure by tho 
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appearance of numerous cracks here and there which were not there all 
these years; or the road has not cracked but there is rapid wearing due the 
top rich coat having worn out exposing the lower weaker coarse in case of 
two course construction Then even a coat or two of bituminous paint with 
appropriate size of sand or chips depending upon the roughness of the road, 
would serve the purpose and be economical if there is not intense iron tyred 
cart traffic. These coats may have to be renewed every two to four years 
depending on the intensity of traffic and particularly of the iron-tyred type. 

But the engineers may misjudge or the authorities may fail to 
realise the necessity of restoration by absence of any discomfort in the 
riding qualities of the surface; then the road would continue to serve its 
useful purpose for another four or more years before the necessity of 
restoration is bom upon the autorities. This one would expect in the 
present state of our finances The road would have broken up in smaller 
blocks, with unequal settlement or wearing with wide ugly and uncomfortable 
cracks. The author also envisages such conditions when he recommends 
in the last but one para on page 2 fq) viz., “ all broken up and loose parts of 
the concrete must be removed carefully and the whole surface plastered 
dead smooth It is here and also on roads with intense iron-tyred traffic 
that the treatment will have to be different. It is submitted that an 
additional thickness of cement concrete would be best, for, the tar and 
asphalt concrete for Indian climate and traffic are plastic and become more 
plastic during summer and would bring up the defects of the old cement 
concrete road, as they are not capable of overcoming or of bridging the 
defects of foundation, which an elastic hard material like cement concrete 
is capable of. 

What thickness and specifications should be adopted can best be deter- 
mined by experiments or experience. Thicknesses varying from 2 inches to 
4 inches depending upon the condition of the old road and intensity and 
nature of traffic, may be tried, bias being always for greater thickness. For, 
it is false economy to put smaller thickness, as it is believed that when the 
top £ inch to 1 inch thickness is worn the remaining small thickness of 
inches to 1 inch in case of 2 inches slab may not be able to stand the 
pounding and hammering action of traffic and may reproduce the defects and 
cracks of the old road It is not necessary to aim at uniform thickness 
of the new coat as in the case of plastic materials like tar and asphalt; on 
the contrary, it is believed that the uneven surface, and hence varying thick- 
ness, will afford better hold and more effectively resist the temperature 
stresses and warping of the slab, than a uniformly thick slab. .. 

As to the precautions in and specification of preparing the surface and 
laying and proportioning of the renewal coat, it would be a paper in itself. 

Finally I may draw attention to the second para of page 3 fq) of the 
paper under reviow wherein it appears that the Chief Engineer of City of 
Pittsburg is not quite satisfied with the behaviour of this thin road paving 
which moves under traffic. I wonder as to whether it would not be better in 
this particular case to fix an additional iron plate over the aluminem plate 
with suitable surface pattern or grooves filled flush with suitahlo cement or 
bituminous concrete or oven without any filling with a different pattern of 
grooms with some sort of cushion sand-w itched in between the two plates, 
if necessary. In tho latter case, thcro may ho the nuisance of rattling 
under iron-tyred traffic hut I presume that kind of traffic is negligible in 
that world. \\ til the Author kindly enlighten mo on this point ? 


3. Reply by Mr. W. A. Radice (Author) to the comments on Paper 
No. Q,, received by post. 

To begin with, I desiie to thank tbo Secretary to the Congress for 
forwarding to me, hero in England, the comments made by members when 
my Paper was read at the meeting held in Calcutta. I am also very grateful 
to Mr. E S. Kirk for so kindly presenting the Paper for me and to the 
numerous members who were good enough to express opinions on the subject 
I have brought to the attention of the Congress 

As regards the discussion itself, that part of it which partakes of Iho 
nature of criticism has been already dealt with, initially by Mr. E. S. Kirk in 
introducing the paper and finally by Mr G. P. Bhaudarkar, the Chairman, in 
summing up the discussion, both pointing out that my Paper limited itself 
to the impersonal presentation to the Congress of certain facts which had 
come to my notice and which, I considered, might be of general interest to 
the Congress and might even cause tests or research to bo undertaken m good 
time 


The next point which emergos from the discussion is the appositeness 
of the Paper itself as regards the time of its presentation. Mr. G B Vaswani 
thinks that as concrete roads are expected to last 25 to 30 yearn there is 
plenty of time to enable concrete czpeits to discover a method of producing 
an everlasting surfacing process. Against this opinion Bai Bahadur 
A. C. Mukcrjee, of the United Provinces stated specifically that the problem 
has been engaging the attention of the road engineers of his province for 
some time Where fact is opposed to speculation, it seems wiso to bo 
guided by the former and to ignore the latter This point of view is support- 
ed by Mr D Nilsson and I feel that manj members must have consideicd 
his recommendation that tests should he undei taken immediately, most 
valuable and opportune Tests can easily and cheaply bo carried out and 
perhaps, the Technical Committee of the Congress, may consider it worth 
their while to encourage such actiou by individual members who aro in a 
position to carry them out and to coordinate these individual efforts on 
homologous and comparative lines 

Mr. G. B. Vaswani in drawing the attention of mombeis to the alight 
defects of the oiiginal specific vtions discovered in ptacticc by the Chief 
Engineer of the City of Pittsburg and to his recommendations for improving 
the mix in futuro replacements has performed a valuable service to those who 
may be planning tests. I think, however, that this critic cannot be acquitted 
of a certain tendency to superficial thinking He has omitted from his 
quotations from the Chief Engineer’s letter the sentence 

Jn general, however, the paving has been very satisfactory and 
there has been no difficulty with adhesion between metal plates 
and the asphalt surfacing.” 

Nobody will deny that specifications of asphalt pavement can be varied 
within very wide limits and no doubt anj mender earning out tests, will 
avail himself full) of tins latitude \\ bat seems to me the most important 
and valuable lcsult, resulting from the Pittsburg pavement described, is that 
it provides positive and definite information as to adhesion between asphalt 
puement and a smooth aluminium surface This !>emg so, it would setm as 
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indisputable that an asphalt pavement laid on a worn-out conciete surface 
should not fail owing to insufficient adhesion between the two materials. 
This is a consideration of the highest impoitance, especially as none of the 
members who expressed a preference for a concrete resui facing made any 
reference at all to any experience the> may have had as regards this governing 
factor. 


With these considerations in mind, the silence of the asphalt and tar 
expert merabsrs, usually strongly represented at Gongiess meetings induces 
in me the speculation that the Pittsburg experiment may have, in their 
opinion, strengthened the case of the concrete road snpportois. Throughout 
my career I have always deplored the division of the steel and concrete 
interests as regards bridge construction and have been strongly convinced 
that a fusion of these antagonisms to ensure the pioper use in the proper 
place of the proper material would bo to the advantage of the community as 
a whole The case in point would appear to offer a sinulur opportunity for 
fusion between the asphalt and tar and the concrete load supporters. 

Turning to another aspect of Mr. G B Vnswani’s remarks, I would like 
to remind him that my paper recommended nothing, except pet haps the 
carrying out of tests, 

Mr. Brijmolian Lai's opening statement seem9 to me unduly pessimistic 
of Indian working conditions In many fields of the ai t of Engineering, Indian 
Engineers have lead the woild, not only in scientific analysis and m theory 
hut also in practice, especially in river training and irugation I would 
deprecate the typo of remark that might lead a foroign readet to conclude 
that Indian Engineers suffer from an inferiority complex. The land abounds 
with magnificent engineering works to disprove it. 

I think I can reply to Mr. Dildar Hosain’s first two queries. His 
first query is obviously due to lack of clearness in my paper and I wish to 
express regret for it. In Pittsburg the thin asphalt paving was put on to 
aluminium plates forming the deck of a biidgo. On roads, the asphalt pave- 
ment would be laid on the worn-out concrete surface ; no aluminium would 
bo used. 

As regards hia second que«y. the floor system of the Southfield Sticct 
Bridge consisted of a flat aluminium deck plate 3/8 inch thick supported by 
longitudinal aluminium channels 8 inches deep, placed on edge at 8 inches 
intervals and resting on the cross girders of the bridge. The total weight 
of the floor system and surfacing including the asphalt paving, aluminium 
deck plato and channel stringers was about 34 pounds per square foot; a 
very light flooring indeed. 

I must bow to Hat Bahadur A. C. Muheijee’s experience with thin 
concrete slabs. I would enquire whether these slabs were actually used on 
worn-out concrete roads, and if so whether the bond between the old and 
now material has effectively withstood the test of time. This seems to me 
the crux of the question, that of liond or adhesion and on this point we 
rannot have too much evidence* 


Tin opinion espra-wl by Mr. S. Ci. Stuhhs U»t n thin bituminous 
csrpot laul on concrcto. ,„ 1 | fall .iuo to the nggiegato getting irushcd, is so 
entirelj contrary to the Pittsburg experience that I consider it should not 
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discourage investigators until one or the other divergency i-s established by 
tests in India. Mr. H. B Pankh’s experience on tlie Lloyd Barrage RUpports 
Mr. Stubbs' opinion. It would be interesting to compare the specification 
of the Lloyd Barrage road carpet with that used at Pittsbuig in an effort 
to account for the reported divergency of results. 

Mr. W. F. Walker refers to the use of a black top travelling surface 
over a cement concrete foundation very usually used in England and else- 
where. I shall try and obtain detailed specifications of this black travelling 
surface and particulars of its behaxiour and if obtained shall be happy to 
communicate them to the Congress. His suggestion of another thin 
concrete slab omits any reference to bond and adhesion between the old and 
tlie new. 

I have read with a very real interest Mr II. M. Surati’s comments. 
He brings up the very inteiesting point that funds for repair of worn out 
concrete roads might not ho available at the optimum period, and that 
therefore methods of repair will vary according to the amount of deteriora- 
tion which has accrued There can be no douht in the mind of anybody 
experienced in the methods of financing road repairs in India that the 
contigency envisaged by Mr. Suiati is more than probable. 

I do not pretend to be a road expert, as I clearly explained in my 
Paper and so will not venture to comment on Mr. Surati’s highly practicable 
suggestions ; there is more than ample talent among the members of tho 
Congress to do go competently, and my hopo is that some member or mem- 
bers may he induced by Mr. Surati's remark to submit papers analyzing tho 
possibilities in greater detail. The question raised by me superficially 
enough is going to be so important in the near future that the value of dis- 
cussion and experiment at tho present time, before a wide-spread need of 
action has arisen, can hardly be exaggerated. 

As regards Mr. Surati’s concluding question, I can say that iron-tyred 
trafiic is unknown in American cities and would not be tolerated for one 
moment. The public demands good roads, eaBy to ride over and whilst it is 
content to feave the economics of road repairs to the experts paid to carry 
them out, it refuses to submit to the general discomfort of having to travel 
over roads damaged by ft type of vehicle wheel which can bo eliminated by 
the sti oke of the pen. 

Summing up the discussion . there seems to me that the following 
points have been made, 

1. That the subject is of growing importance. 

3. That experimental work is necessary, and it would appear to me that 
the sooner experiments are made on the best means of correcting various 
degrees of disrepair of conciete roads the more eihciently will the money 
available be used when the time comes. 


The discussion has also suggested to me a profitable line of enquiry 
which perhaps the Technical Committee will take up, in view of its para- 



indisputable that an asphalt pavement laid on a worn-out concrete surface 
should not fail owing to insufficient adhesion between the two materials. 
This is a consideration of the highest importance, especially as none of the 
members who expressed a preference for a concrete resui facing made any 
reference at all to any experience they may have had as regards this governing 
factor. 

With these considerations in mind, the silence of the asphalt and tar 
expert membars, usually strongly represented at Congiess meetings induces 
in me the speculation that the Pittsburg experiment may have, in their 
opinion, strengthened the case of the concrete road supporters. Throughout 
my career I have always deplored the division of the steel and concrete 
interests as regards bridge construction and have heen strongly convinced 
that a fusion of these antagonisms to ensure the pioper use in the proper 
place of the proper material would be to the advantage of the community as 
a whole The case in point would appear to offer a similar opportunity for 
fusion between the asphalt and tar and the concrete load supporters. 

Tuining to another aspect of Mr G.B Vaswani’s remaiks, I would like 
to lemind him that roy paper recommended nothing, except perhaps the 
carrying out of tests. 

Mr. Brijmohan Lai’s opening statement seems to me unduly pessimistic 
of Indian working conditions In many fields of the art of Engineering, Indian 
Engineers have lead the world, not only in scientific analysis and in theory 
hut also in practice, especially in river training and litigation I would 
deprecate the type of remark that might lead a foieign reader to conclude 
that Indian Engineers suffer from an inferiority complex. The land abounds 
with magnificent engineering works to disprove it. 

I think I can reply to Mr. Dildar Hosain's first two queries. His 
first query is obviously due to lack of clearness in my paper and I wish to 
express regret for it In Pittsburg the thin asphalt paving was put on to 
aluminium plates forming the deck of a bridge. On roads, the asphalt pave- 
ment would be laid on the worn-out concrete surface ; no aluminium would 
be used. 

As regards his second queiy, the floor system of the Sinithfield Stiect 
Bridge consisted of a flat aluminium deck plate 3/8 inch thick supported by 
° ’ placed on edge at 8 inches 

bridge. The total weight 
asphalt puing, aluminium 
deck plato nnd channel stringers w.is about 3-1 pounds per square foot; a 
very light flooring indeed. 

I must bow to Hai Bahadur A. C. Mulct jee’s experience with thin 
concrete slabs. I would enquire whether these slabs were actually used on 
worn-out concrete roads, nnd if so whether tho bond between the old and 
new material has effectively withstood tho test of time. This seems to mo 
tho crux of the question, that of bond or adhesion nnd on this point we 
cannot have too much evidence. 



discourage investigitors until ono or the other divergency is established by 
testa in India. Mr. H. B Parikh’s experience on the Uojd Barrage Rupportt 
Mr. Stubbs' opinion. It would 1 k> interesting to compare the i»|*ccification 
c{ the Lloyd Barrage road carpet with that used at Pittsburg in an effort 
to account for the reported divergency ol Tesulls. 

Mr. W. F. Walker refers to the use of a hlack top travelling surface 
over a cement concreto foundation aery usually used in Hngland nml else- 
where. I shall try and obtain detailed specifications of this hlack travelling 
surface and particulars of its behaviour and if obtained shall he liapp) to 
communicate them to the Congress. His suggestion of another thin 
concrete slab omits any reference to bond and adhesion between the old and 
the new. 

I have read with a very real interest Mr. FI. M. Surati’a comments, 
lie brings up the very inteiesting point that funds for repair of worn out 
concreto roads might not bo available at the optimum period, and that 
therefore methods of repair will vary according to the amount of deteriora- 
tion which has accrued. There can be no doubt in tho mind of anybody 
experienced in the methods of financing road repairs m India that the 
contigency envisaged by Mr Surati is more than probable. 

I do not pretend to be a road expert, as I clearly explained in my 
Paper and so will not venture to comment on Mr. Surati’s highly practicable 
suggestions ; there is more than ample talent among the mombers of the 
Congress to do so competently, and my hopo is that some member or mem- 
bers may be induced by Mr. Surati's remark to submit papers analyzing the 
possibilities in greater detail. The question raised by mo superficially 
enough is going to be so important in the near futuro that the value of dis- 
cussion and experiment at the present time, beforo a wide-spread need of 
action lias arisen, can hardly he exaggerated. 

As regards Mr. Surati’s concluding question, I can say that iron-tjicd 
traffic is unknown in American cities and would not be tolerated for ono 
moment. The public demands good roads, easy to ride over and whilst it is 
content to leave the economics of road repairs to the exports paid to carry 
them out, it refuses to submit to the general discomfort of having to travol 
over roads damaged by a type of vehicle wheel which can bo eliminated by 
the stiuke of the pen. 

Summing up the discussion; there seems to me that tho following 
points hare been made, 

1, That the subject is of growing importance. 

2. That experimental work is necessary, and it would appear to me that 
the sooner experiments are made on the best means of correcting various 
degrees of disrepair of conciete roads the more efficiently will the money 
available be used when the time comes. 

The discussion has also suggested to me a profitable line of enquiry 
which perhaps the Technical Committee will take up, in view of 



mount importance. That is the question of the economics of Hoad repairs. 
There should be an optimum moment and optima methods for repairing 
every type of road surface in order to keep the cost of maintenance of fixed 
standard of surface excellence. Perhaps it is impossible to discover any 
fundamental guiding principles in such a complex question, I do not know, 
I merely throw out the suggestion in order to stimulate thought amongst 
the members I feel suio that if the Congress offered a prize for contribu- 
tions by the road engineers of India of their ideas and experience on such 
a suited, \t may be possible to collect material bom which some guiding 
principle or principles may emerge 

All that has keen said in this discussion, and especially what has 
been omitted, confirms in my mind that the question of bond is the leal 
crux of the pioblem and 1 would invite experimenters to devote special 
attention to this factor. 
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PAPER No. X. 


SOME NOTES ON SUBMERSIBLE BRIDGES 
By 

D. Nilsson, B.Sc., M.I. Struct. E. 


Submersible bridges, bridges that can be submerged and still remain 
undamaged, are fairly well-known in India but not in Europe. They are not 
uncommon in Australia and Africa also. As most text books como from 
Europe or America there are not many that deal with submersible bridges 
and personally the author does not know of any. A few remarks on this 
subject may therefore bo of servico to those who have not already had experi- 
ence of this type of structure. 

The chart marked Figure 1 gives the heights of floods (vertical axis) and 
dates (horizontal axis) in the River Waingaoga at tbo site of Bliandara Bridge 
during the monsoons of 1928 and 1929. This chart is a typical example of 
what is obtained on many rivers in India. Very high floods occur three or 
f<5ur times during the monsoon, but the water level rises so fast and falls 
again so rapidly that tho peak levels of these floods only last for a very short 
time, usually a matter of a few hours, and the bridgo is only out of use for a 
short period. 

During the monsoons shown on tho chart the floods did not reach the maxi- 
mum high flood level which i3 about R L. 110. A high level bridge to cover 
this would require to have its road level at about It L 118, but it was built 
as a submcrsiblo bridge with road level at li.L 101 75 as shown in Figuro 5. 
If the bridge had been built ns a high level bridge with load level R L 118 it 
could bo seen that it would not only have been much higher than the 
submersible bridge but would have required to be longer in order to pass the 
flood waters without seriously affecting the afflux level Probably the high 
level bridge would have required to be about eighteen bowstrings or similar 
type spans of 100 feet each and would have cost much more than tho 
submersible bridgo. During maximum high floods much of tho country oil 
around is under water and long approach embankments would have been 
required at either end of a high level bridge. 

Tho point to decide considering tbe traffic to bo carried is whether tho 
few hours that tho submersible bridgo is hallo to bo closed are worth tho 
extra cost of building a high level bridge. 

Now even though the flood chart may indicate that a submersible bridge 
would bo adequate the sito may bo such that a submersible bridgo would not 
suitable, or it might cost ju-t as much or even more than a high level 
bridge. No two sites are escr exactly the same and therefore hard and fast 
rules cannot bo laid down. I think. tbe simplest and clearest method 



illustrating various points will be to give examples and discuss the points in 
each example. But before doing this the conditions which a submersible 
bridge must withstand might be mentioned. 

A submersible bridge has of course -to carry the same live loads as any 
other bridge a3 well as its dead load. Bat in addition, it has to withstand a 
very considerable horizontal thrust and perhaps an upward lilt from the flood 
waters. Further when the flood is passing through the openings of the 
bridge the velocity of flow is materially increased and more than usual scour 
must be anticipated. 

The worst flood effects will probably occur when the water is just 
overtopping the bridge. I do not think that an accurate estimate can ever 
bo made of the forces acting upon the bridge under this condition. It is, 
therefore, considered sufficient to make rough approximations of these forces, 
being careful that the results are not less than what may possibly occur. 
The following simple method has been used for many years with satisfactory 
results. 

When a flood tops tho bridge the level of the water at the top of the for- 
ward edge of the upstream coping will be banked up as shown exaggerated in 
the sketch below. At the down stream side of the bridge there may be the 
trough of a standing wave if the velocity ol flow is high. 



Tho forces can therefore be broken up into ; — 

(i) That duo to the static head ‘h\ 

(i«) That duo to tho impact of the water and debris 
(tn) That due to eddy motion at the back of the piers. 

(ir) That duo to the friction of tho \\ater against the piers and soffit. 

(r) Uplift duo to the head equal approximately to the thickness of 
the superstructure plus the afflux 

In addition it must not lie forgotten that the dead load of the structure 
is reduced b> (12 4 rounds per cubic foot when submerged. 



Taka ae an example the bridge sketched below ; — 



Then working out each of the forces mentioned above 

(») The pressure due to the static head will be 'h* times the weight 
of water per cubic foot *w\ This piessure will act over the whole horizontal- 
ly projected area of the bridge obstructing the flow. In estimating this area 
the maximum scour must be assumed to have occurred. Assuming that the 
deck of a budge is 27 inches deep and that the obstruction to the flow raises 
the surface level 9 inches in front of the upstream edge of the coping and 
that the water emerges i foot below the soffit at the downstream edge, the 
pressure then will be 

wh*=G2.4 (9 inches +2 feet — 3 inches +1 foot) 

*=250 pounds per square foot. 

It is not quite correct to say (that this pressure will act over the whole 
horizontal projected area of the bridge as tho pressure within the height V 
will vary from O to ‘wli\ However it is doubtful whether the saving made 
is worth the trouble of working out the two separate areas, pressures, and 
centres of pressures. 

Molesworth's Pocket Book gires the following formula for calculating 
the rise of water caused by an obstruction, 

E= ^ +005 ) I ( A )’- 1 ) 

where V — velocity of river previous to obstruction m feet per second 
A *= Sectional area of river unobstructed in feet, 
a = area of the obstruction. 

In the example taken this would give H = 0 81 foot. 

This formula depends upon the constants included and they must vary 
for each river bed and it 13 probable that some reasonably safe assumed figure 
would bo just as good. 


■i (i) 


(if) Ter estimating the pre-sure due to the velocity late ike area cf £cw 
cf the rirer just upstream cf the bridge as ‘A* and the area cf the obstruct ion 
ag V. Then the pressure ace to the velocity is ; — 



where v= velocity cf approach 


In the example A =123.3 square feet. a=231 square feet assume 
v~ 10 feet and then the pressure becomes: — 


02.4 XI 0V 231 \\ 
2X32.2 M004' ' 


.C pounds 


per square foot, j 


(hi) The loss In head cue to the sudden enlargement cf the stream after 
passing the bridge it., the loss cf head due to the format ins of dddie? 
vrill be: — 


(V* through bri d ge ~ V* after passing bridg e)* 
o«t 


Assume the velocity through the bridge to be 15 feet per second and 
after passing the bridge 10 feet per second then the pressure ace to eddy 
section is : — 

C2.4 ^ -- ^^ - =21.2 pounds per squire foct. 


The Telocity through the bridge has been assumed but if the velocity 
above the bridge is 10 feet per second it is easily calculated that fer the 
obstructed area of Cots it should be 12.2 feet per second However as it 
is impossible to been- the contraction which mar occur or the other possible 
obstructions, such as the bed cot being scoured to the supposed level, it is 
advisable to assume a velocity which is cn the safe side. 

(ir) The friction cn the bridge can be represented by a formula : 

V 

vrberC *f is the fricticn co-c-Gc:ent betvreen the water and the bridge when 
the velocity is V and ‘p* is the area cf the surface cf the bridge in contact 
with the water. 

The co-eEcient T was given by Freude in experiments made many years 
ago as 0.5S3 pound per square foot for coarse sand. The author has not 
been able to find any mere suitable experimental results. The coarse 
gind Cgure would it is thought be low for masenry such as is generally 
used In bridge piers and a safer figure would be 1 pound per square foot. 
Then In the example we have : — 

F«= 1X2323 X (— j'er 5,403 pounds. 

This is equivalent to a pressure of about 235 pounds per square foot 
cn the area cf obstruction. 

The formal* given under (ii) and (Hi) are derived from the flew in pipes’, 
and it fi hkely that they are net correct for open channels, but it h' 



considered that they are sufficiently accurate for their purpose which 'is to 
give a safe idea of the lateral pressure on a bridge and not to delve deeply into 
hydraulics. It is possible to combine the lesults of (ii), (iii) and (iv) by using 
Gibson's formula derived from dragging a'solid through water ; it is 

P = 0 

e 

Here again we have a constant *C’ which must ho filled in according to 
the type of obstruction offered e g., flat ends, one flat end, one tapered end, 
both ends tapered etc., and it may vary from 0.55 to 0.125. 

(v) The uplift hoad under tho slab may bo the thickness of the slab, plus 
the assumed afflux, less the head lost duo to increase in velocity. In this 
case to be again on tho safe side take the minimum velocity under the bridge 
as 12.2 feet per second. The uplift pressuro then becomes:— 

G2 4 1 2 feot-3 incbes + 9 inches )} = PO UQ ds P er square foot 

Of the horizontal forces it i3 seen that (1) is very much the greatest. In 
arriving at this force the afflux and the fall-bclow the bridge must be known, 
and at present can only be estimated approximately or guessed. It would 
be of great service if those engineers who have submersible bridges under 
their charge could observe and report to the Indian Hoads Congress on the 
variations in these levels and the velocity of the river above and through 
the bridge. Even roughly measured figures would be of assistance. 

All the horizontal forces may be greatly increased if as frequently occurs 
large .quantities of timber are carried down duung floods. Where this may bo 
expected the engineer must estimate how much further obstruction may bo 
caused by trees sticking against piers and under the deck. Small low spans 
are much more liablo to become blocked with debris than larger spans having 
ample clearance between the ground and the deck soffit. Photograph III 
shows whole trees held up against the Mandla Bndgo. 

Tho stability of tho bridgo under those horizontal forces must bo 
checked and when doing this the dead weight of the piers must he reduced 
by G2.4 pouuds per cubic foot. This gives a resultant force acting as ‘E’ on 
the skotch, and as this falls within the middle third of the pier the structure 
is safe If necessary the pressures on the masonry and the foundation at 
the downstream end of the pier may be checked, and as long as these pressures 
are safe tho pier will be stable whether the Resultant falls within the middle 
third or not However, it should be noted that in order to contain tho 
Resultant within tho middle third tho downstream end of the pier has 
generally to be given a greater batter than the upstream end 

If tho piers bad been founded on piles instead of on rock tho problem 
would not bo so simple. Allowance would have to be made for bending in 
the piles or for raking piles to take the thrust. The piles would also have to 
bo arranged so as to accommodate the extia load which would come on the 
downstream piles 

As regards tho shape of the piers it is common to find both ends f * 
same, square (a), pointed (b), or rounded (c). Another common . - w 
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is to have the pier pointed at the upstream end and rounded at the down 
stream end (d). This rounded downstream end is certainly better able to 
s take the increased pressures which occur there. However these pressures 
are generally small enough to be neglected and it would be better to shape 
the pier to cause as little eddy motion as possible. The eddy motion forces 
on the bridge are admittedly very small but they are an important cause of 
scour. 



id) W 


The piers would therefore be best shaped as at (e) with the upstream 
end rounded and the downstream end tapered as slowly as reasonably 
possible. This may sound rather revolutionary but one has only to consider 
the shape of the cross section of an aeroplane wing to realise that it is the 
nearest to correct stieamlining Or it may be justified from the formulas 
already given 

it) & (u) The horizontal projection of the bridge is the same whatever 
the shape of the front of the pier and therefore these two forces 
remain the same 

(in) The velocity of the water will be gradually reduced owing to the 
gradual widening of the distance between the pier faces with the 
tapered downstream ends. That js at two adjacent sections 

' v -8 

will be very small. 

To avoid excessive obstruction to the flow of the river when the bridge 
is submerged there must bo either no railing or else some sort of collapsible 
or removable railing. Figure 2 shows a tjpe of collapsible railing which was 
designed by the Central Provinces Public Works Department and has proved 
successful on many bridges. 

The bridge ovci the Narbadda Hirer on tho Bombay-Agra Road though 
very high above tho river bed lias a railing only on the upstream side. This 
railing falls horizontally by tho foicc of the flow when tho flood tops tho 
bridge. Some engineers specify wheel guards, others posts with removable 
chains hanging between them, and in some cases where tho bridges are low 
there is no side protection at all. 

The following are somo examples of submersible bridges : — 

IVagholt Bridge. — Figure 3 and Photograph I was one of tho first rein* 
forced concrete submersible bridges to bo built, being completed in 1027, Very 
fiat arches having a rise span ratio of 1 to 10 were used in order to cause the 



minimum obstruction during high floods. These flat arches also have the 
effect of passing ordinary floods without the obstruction which would have 
been caused by the springings of arches of ordinary dimensions. The river 
carries down much debris and this bridge was therefore designed with 
perfectly flat spandrel walls and no cornices or projections which could 
become' damaged by floating logs 01 trees. 

The bridge was founded on reinforced cement concrete piles No raking 
piles were employed under the piers as the pile caps were taken down into the 
clay to a depth below which scour was not anticipated. 

At the site of the bridge the left bank is very high and steep so that the 
approach is in cutting On the other bank the general ground is level with 
the bridge road surface and there is therefore no embanked approach. This 
is an important point concerning submersible bridges ; avoid approaches on 
embankments and if possible have the approaches in cutting or at ground 
level. Where the current is at all swift embankments are very difficult to 
protect adequately and may form a continual source of tiouble and expense. 
In cuttings the flood will only form a back water and some silting may occur, 
but with adequate side drains (be road will not be damaged. 

Mandla Bridge —Figure 4 and Photographs II and III. This was an old 
bridge built by the Public Works Depaitment over the Narbadda River in 
1913. It consisted of eighty 20-feet arches built of brick or of lime concrete 
stone faced, with lime conctete spandrels and stone paving It gave satisfac- 
tory service until the monsoon of 1926 when several spans were washed away 
and much damage was done. The author’s firm replaced the three central 
spans by a single reinforced cement concrete arch and the damaged causeway 
at the end by three reinforced cement concrete arches and replaced the 
lime concrete spandrels by plum cement concrete in the remaining old arches 
During floods this river brings down a great deal of debris including whole 
large tree3 Photograph III shows a flood nearing road level The tree which 
seems to be standing vertically as well as the other brushwood has been 
brought down by the flood and is stuck against the bridge partially blocking the 
waterway and hammering against the structure. When a liver brings down 
much of such heavy debris the spans should be designed large enough and 
high enough to pass the trees etc , without their jamming Of course in 
some rivers debris is not brought down until the flood has reached a consider- 
able height and then the road lovel may be arranged so that all floating 
material passes over it. 

Bhandara Bridge — Figure 5 and Photograph IV. This is a very large 
submersible bridge being 1650 feet long and consisting of eighteen arches of 
86 feet centres The arches are of normal rise to span ratio and the type of 
supcrstucture is clear from the drawing. 

The chief problem with this bridge was the foundations as the river bed 
consisted of waterlogged fine sand in some places as much as 35 feet deep The 
Band lay over rock which was stratified, the layers being more or less vertical 
Concrete cylinders were sunk as far as they would go by open dredging 
and then piles were driven inside and the cylinders afterwards plugged 
with concrete It was found that the piles with a Gammon Patent cast iron 
shoo could bo driven as much as 1 feet into the rock without damaging them. 
Though it could be expected that some scour would occur nght down to rock 
this arrangement allowed of the piles being braced just above rock level; 



so -that there could he no "bending moment in' them. As an additional 'pre- 
caution boulder filling was placed round the pier bases and left to sink to 
rock level as scour occurred. 

The approaches of this bridge were in shallow cutting or at ground level. 

The author understands that this bridge has been submerged yearly 
since 1929. 


Andura Bridge . — Figure 6. This bridge crosses tbe Purna River and 
although the road surface is about 40 feet above the bed level it is 
liable to be submerged by 15 feet of water. This is again an arch bridge 
which being very solid and heavy is eminently suited to Withstand the 
large overturning moments that are produced by the horizontal forces on 
such a high bridge. The batter of 2J inches per foot on the downstream 
ends of the piers should be noted. 

'• In the design of the arches the crown thickness and the cover at the 
crown are kept as small as possible in order to give the minimum obstruction 
to flow. The end abutments should bo stable without the assistance of the 
pressure from the earth behind them which might possibly get washed out 
at any time. 


The Tapti Bridge shown on photograph V is very similar to tho Andura 
Bridgo and a drawing of it is therefore not shown. As can be seen from the 
photograph the bridgo is a large one but none the less in 1931 it was over- 
topped by 33 feet of water. 

Bara Reiea Bi idge . — Figure 7, Photograph VI. This is a beam and slab 
design deck suited to a submersible bridgo Tho road level being only about 
15 feet abovo bed level, arches would have obstructed too great a proportion 
of tho flow unless very small spans were used and that was impracticable on 
account of tho rather expensive foundations. The bottoms of the beams are 
joined by a slab so as to give a smooth soffit. 

Jlfadhnu Kliadi Bridge. — At this small bridge of twenty spans of IB feet 
each rock was showing at bed level bo that small slab spans supported on 
reinforced corncnt concrete piers wero economical. These offered so little 
obstruction that the piers could be made shorter than tho width of tho deck 
nnfl remain amply strong. 


Being very low and offering but 
this bridgo to make some saving by 
having tho piers narrower at the 
reed cement concrete slabs have their 
edges rounded to bo loss liable to damage. The road is protected by wooden 
posts sitting in holes in tho deck so that they can bo removed if desired or 
if not removed beforo submersion any which may bo lost or broken can be 
easily replaced. 


Sone Bridge . — Photograph VIII A small submersiblo bridgo combining 
a 75 foot arch and slab spans of 17 feet G inches Tho arch spans tho centre 
of the river whero there is a considerable depth of water and waterlogged 
f md overlaying the rock and foundations would have been too oxpensiviTfo 
continue tho small spans for tho full length of tho bridge. 


KahmOh Rmr Bri^e.-Figure 8 Tim bridco h» tmsntjlhvo spans 
tIt “ “ 33 f ” 1 , 8 ,nc! ' c! - Four or five spans are designed and built ns 
continuous ruth tbc result that n slab o[ minimum thickness is required! 
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To further reduce the bending moment and hence the slab depths, the 
bottom of the slab is corrugated near tho centre thus reducing tho dead load 
there These corrugations were formed by using steel trougbing as centering. 

Banns Bridge . — Photograph IX. This large bridge was designed as a 
submersible bridge, for although tho high flood lovel is not expected to rise 
much above road lovel it is almost at road level. It was considered howover 
that a fixed railing would be satisfactory. The bridge consists of eighteen arch 
spans each of 86 feet and ten slab spans similar to those in tho Kalisindh 
Bridge. The small slab spans wero nsed where rock level approached near 
the surface aud enabled much cheaper foundations to be built. 

Monaguni Badge . — Figure 9. This is a 6mall bridge which is at present 
under construction. It is an examplo ol a submersible bridge on piles which 
are liable to be partially exposed due to scour. The piles pass through sand, 
gravel, and then clay overlying rock and it is possiblo that the sand may be 
scoured out Tho piles on a hatter will take up most of the thrust and be 
helped by the other piles which can withstand considerable bending moments. 


Tho site i9 not ideal for a submersible bridge as there are approach em- 
bankments on either side. Tho road level was first proposed at It L 3G 00 
That would have avoided the embankment on the one side but would have 
meant that the bridge and the remaining embankment would be submerged 
yewly By raising the road to R L 44.75 the inciease in cost was very little 
and only very exceptional floods will submerge the bridge or embankments 
while all other floods pass under it encountering only little obstruction. 


Tho author does not think that the costs of these submersible bridges 
will be of much set vice as their construction was spread over a number of 
>cars during which the cost of materials has varied considerably. Also 
foundations and sites always vary and affect the costs enormously However 
in case the figures should be of interest a table of costs is given below — 


Name 

Year 

‘Com- 

pleted 

Overall 

Length 

Total 

Cost 

Cost per 
running 
foot. 

Cost per 
equare loot 
ol deration 
area liom 
bottom ol 
foundations 




Its 

Rs 

Rs 

Wagholi Bridge 

1927 

455'-0" 

2,75,720 

606 

13-8-0 

Bhandar.a Bridge 

1929 

l644'-0’\ 

5.81,630 

354 

8-2-0 

Andura Bridge 

1931 

490'-0" 

2,66,499 

585 

9-8-0 

Tapti Bridge 

1931 

590'-0" 

2,82,965 

479 

12-12-0 

Bara Bewa Bridge 

1931 

30l'-9" 

1,18,500 

393 

11-10-0 

Madhav Khadi Bridge 

1932 

362'-6" 

28,500 

79 

6-1-0 

Kalpani Bridge 

1932 

ioi'-o" 

39,000 

383 

5-7-0 

Sono Bridge. 

1933 

195'-0" 

24.500 

126 

13-10-0 

Kalisindh Bndgo 

1934 | 

952'-2" 

1,71,602 

180 

9-4-0 

lianas Budge 

1936 

l987'-0" 

4.30.385 

217 

5-2-0 


Two points to which no reference has been made are the nature of the 
filling to spandrels and the road surfacing It is obvious that the road 
surface must be of some material which cannot bo washed awaj such as stone 
slabs or blocks set in cctnent or asphalt or concrete reinforced or plain If, 


' \ 


a reinforced concrete roadway has been provided it may be considered that 
the spandrels could be filled with earth or boulders but such a practice is 
liable to result in trouble. If the spandrel filling is pervious there will be a 
hydraulic upward pressure under the road surfacing due to the banking up 
of the river in front of the bridge. This upward pressure will considerably 
assist the water rushing over the bridge to break up the road surface and 
float it away After this any weak filling would be quickly washed out. 

Briefly the points to be watched in a submersible bridge can be sum- 
marised as follows : — 

(1) Choose a site where the approaches will not be in embankment. 

(2) Make the spans long enough and high enough to pass all floating 
debris. 

(3) Design the superstructure to be heavy enough not to be washed 
away and also to offer as little obstruction as possible to the flow 
of the river 

(4) Design the piers and foundations to be stable under the worst 

conditions of submersion. 

(6) Use only impervious materials. 

(G) Arrange for removable or collapsible railings. 

(7) Avoid ornamentation or spaces in which debris can become 
entangled 

(8) See that the work carried out is of the best quality materials and 
wotkmansbip. 



Figure 1 
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reinforced concrete roadway has been provided it may be considered that 
he spandrels could be filled with earth or boulders but such a practice is 
table to result in trouble. If the spandrel filling is pervious there will be a 
ydraulic upward pressure under the road surfacing due to the banking up 
i the river in front of the bridge. This upward pressure will considerably 
ssist the water rushing over the bridge to break up the road surface and 
loafc it awnv. After this any weak filling would be quickly washed out. 

Briefly the points to be watched in a submersible bridge can be su in- 
named as follows : — 

(1) Choose a site where the approaches will not be in embankment. 

(2) Make the spans long enough and high enough to pass all floating 
debris. 

13) Design the superstructure to be heavy enough not to be washed 
away and also to offer as little obstruction as possible to the flow 
of the river 

(4) Design the piers and foundations to be stable under the worst 

conditions of submersion. 

(5) Use only impervious materials. 

1G) Arrange for removable or collapsible railings. 

(7) Avoid ornamentation or spaces in which debris can become 
entangled 

(8) See that the work earned out is of the best quality materials and 

woikroanship. 








Figure 3 
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DI=C|-SSIONS ON r.lPnil No. I 


Mr. D Nilnon (Author) — Having read over thin paper m the train 
coming acio-tq hrr^. month- i alter anting it, I think that I owe an apology 
to those people who arc ex|«cncncod in tho construction of euhmersiblo 
bridges for Inung written tuck an elementary paper However, if it 
produces the fact* and figure* which I am anxious to obtain, then I think 
Ji n iJJ hare served some purpose If a«> of >ou has got a submcrsiblo 
budge in hts chatge, what I particular!) want to know is, when a flood 
K just going to o\cr>top the bridge, how much is that flood banked up, 
i e , bow much is tho afflux ** Also, when tho flood emerges from the down- 
stream side of the bridge, stint sbapo does it take and what Ic\cl is tho 
Water compared to tho lescl of the bridge deck ? If accurate data on those 
points Were at ail tide. I think that wo might be able to obtain more 
coirect figures than those produced In tho rough formula* which I have shown 
in my paper. I hopo tint those Knginccrs who have submersible bridges in 
their charge, will try to obtain such figures during tho nevt monsoon and 
submit them to tho Hoads Congress 


Mr- McKelvie (Central P W D ) — 1. It is unfoitunate that tho 
Author has taken tho graph of tho flood lovils at the Wmnganga bridgo at 
Bhandara ti llustiato tvjucal flood variations of rivers over wlueb submersi- 
ble bridges are required The Wamganga at Bhandara js lolatively a slow 
flowing stream Par more typical are the graphs of tho T.ipti at Burhanpur, 
the Purna at Wagholi and Andura and tho Bara-Bowa near Narsingpur 
described m tho paper Other t>pical rivers in the Central Provinces are tho 
Narhadda at Tilwaraghat and Jogi Tikaria, tho Man at Balapur, the Kanhnn 
at Hnnakhona, the Pengang.i at Chikli, tho Pencil, the Johilla, the Chota 
Purna and a host of others 


As stated in the paper, tins highest recorded flood over the Tapti bridge 
vt Burhanpur was 33 feet Higher than the bridge formation level and about 
3G feet lusher than tl.o ordmar> flood level. In the case ot the Nnrbadda 

»t Tilw.iragliat, the highest recorded flood was So feet above enmmor wafer 
level, 03 feet above tile average monsoon flood level and J8 feet above tho 
bridge forn^ation level 

,, bo»d Th r ^' l, c^o a iSd 1 r^tfres^ere oufc'to sio‘ whither 

InXor IlSS Ar? >» «" “** U ? T "° i olh ".! )rid e,« 

mentioned above are not bon er ine _ 

2 onstmction of submersible bridges 

[.fehTe^'r^g^SSTtL seme »,». and a few mile, down-etream 
cost Rs. 44/- lakhs. 

The Author has not stressed «•? fact in hi, paper th.tn 
bridge is constructed only , 

too, cheaper to an o»ten 
he out of action for a short r**- 
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2- It may he of interest to members if some remarks are recorded 
on the histoiy of a few of the br.dges described in the paper. Some of 
the«e bridges are not to be regarded as examples of the last word in the design 
of structures of this tjpo but rather as illustrating stages in the develop- 
ment of the technique of submersible bridge construction. 

In a new art or science such as this, more can peihaps be learnt from 
a discussion of improvements in technique than from a mere description of 
actual structures which may not represent the latest accepted practice. 

Briefly, the flat arches of the Wagholi bridge were afterwards legarded 
as a had mistake. The Bhandara bridge was also designed with fairly flit 
arches but during construction the rise was increased b\ G feet An analysis 
of rise-span ratios for solid spandiel submersible bridges in the Central 
Provinces some years ago showed that a rise of one fifth of the span was in 
average cases the most economical m the conditions prevailing in that 
province. For the corresponding high-lev el bridges, the best ratio was 
about 1:4. 

The one fifth of span ratio was adopted for the Andura bridge (des- 
cribed in the piper) over the same river as the Wagholi bridge and a few 
miles down-stream and also for the li hi rod a and Munegaon bridges over the 
same river. It will be seen that the cost per square foot of elevation of the 
Wagholi bridge was nearly dO percent higher than that of the Anduia bridge 
and, although the change in the rise-span ratio was not solely responsible 
for the cheaper cost of the latter, it was undoubtedly an important factor 

The flat arches at Wagholi were adopted against some opposition 
because of the mist iken theory that one of the ruling considerations in 
submersible bridge design is the necessity to offer the least possible 
obstruction to the river. Afterwards, the views of more experienced 
designers prevailed, namely that obstruction was a factor which should be 
analysed and not treated with unscientific awe. 

The Author has rendered a ftieat service to the piofession by 
recording the details of such an analysis in his paper but he has not com- 
mented on the practical application of his rules and, in his summary, has 
arrived at certain conclusions which are not now, I think, generally accept - 
el by many engineers interested m this type of work. 

The Bara-Bewa design (described in the paper) was never repeated 
in the Central Provinces, though there was another small bridge constructed 
at the same time to a similir design These bridges were afterwards ad- 
ju lg<* 1 both expensive and ugly and late* experience confirmed that, for 
conditions such as thos* met with at the Bari-Kewa, encased girders were 
much cheaper and more suitable 

The Bhandara foundations gave much anxiety. L’ght concrete cylind- 
ers such as those shovin in the dcs*gn are, I believe, now regarded in the 
Central Provinces as definitely net stiitab’e if rock is mo*e than 20 to 25 
feet Iclovv the river bed Other requisites are that the bed must be composed 
of sand or similar materia! and the rock strata below must have vertical 
figures or cr cks or lo fairly soft 
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I understand that this design was adopted at tlio Puma budge recent- 
ly constructed or to ho constructed near Kdlvbad m the Bombay Presidency. 
I would bo interested to hear details from any member n ho knows about 
this bridge 


At Bhandara it was found that it was inipossiblo to keep the light 
Concrete cjlinders tiul}’ vertical when they were sunk to depths of 35 feet 
or so and it is only hccauso the Wainganga is a relatively slow-moving 
stream at Bhandara that the bridge may he rcg.mlcd as safe It is impossible 
to dme piles in the manner shown m the design through a sloping cjlindcr 
35 feet deep — I need not stress the point in the pto* cnee of engineers 


I think the Author of the papei had no pctsonal experience of tho 
construction of these bridges or be would have recoided Ins warnings against 
accepting the designs for all cases 

With regard to tho Mandla bridge rtferied to in tlie paper, it must 
be remembered that only 3 of tho 80 spans were damaged but one abutment 
had been washed away and the road was badly damaged in several places 
Tho repairs of this relatively small damage cost more than thee times the 
original cost of the bridge 


Tho flood that damaged this bridge, was the highest recoided in tho 
Century 1S26-1U26 It destroyed two railway bridges further down-stream 
of tho same river and many persons think that tho submersible bridge stood 
Up wonderfully well under the abnormal conditions of that time When 
the repair wot k was finally decided on, many Centtal Piovmces engineers 
recorded their opinion that the design adopted was needlessly expensive 
and a good example of panic engmeeimg. 


Any one who has designed bridges has only to look at tho diawmg 
(Fig 4 ) m the paper to arrive at his own conclusion We learn by our 
mistakes, but this job was moro than a mistake and I had never expected 
anyone to refer to it except as a warning of how not to design, unless m a 
panic. 

With repaid to some of tho flat-slab designs described in the paper, 
I have no personal knowledge of the particular bridges mentioned hut 
there ere members present whom I hare heard talking o! the knocking and 
vibrating of some of their slabs in floods. In similar designs elsenhere, I 
have myself noted similar defects 

3 The Author has not referred to the very difficult problem of tho 
design of the abutments and wing-walls for submersible bridges, a matter 
over which there was in th'e past, considerable difference of opinion among 
some engineers 

Tho practice noiv generally followed is to omit wing-vi alls beyond 
i . i nllo-etlior or practically so. and to construct land spans", 
abutments » d , ho hriJ „ 0 submerged, anv obstruction ,t 

tho ends sets iipdan serous eddy currents stbioh attack the river bank, 

Tho designers oi tlio ''flat-areb school" of the rally d.,s svbo laid 
i . stress on avohling ob.t.tietion i as far as loxille In the river 

'"sell, seem to have given no thought to the olstruet.cn reused ly ,h 0 
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abutments ana wing walls in the approaches and act the common experience 
is that the submersible bridges constructed in the pre-cement -concrete 
period were more frequently damaged at the ends than elsewhere — in fact, 
there are only two or three recorded cases in the Central Provinces of such 
bridges damaged elsewhere thau at the ends. 


When site conditions require large-arch spans at the ends of bridges, 
the question of friction abutments should be investigated. Another solu- 
tion is to make “land spans" of shorter length hut so constructed as to 
take the unbalanced thrusts of the main spans. Sometimes it pays to 
make abutment piers well away from the banks, as in the Tilwaraghat 
bridge ( see paper read by Mr. A. \Y. H. Dean, Yol 239 Session 1934 of the 
proceedings of the institution of Civil Engineers, London ). 


4, W ith regard to the general conclusions stated in the last para- 
graph of the paper, it may be observed that it is not often possible to 
choose the site that is the most suitable from the engineering point of 
view, as the site is nearly always fixed, within narrow limits, from 
considerations of trade routes and other factors. 

Too great stress can be laid on making spans '‘long euough and 
high enough to piss all floattng debris" In actual design, the size of the 
spans is generally fixed from considerations of cost according to Waddell’s 
well-known rule that the cost of the foundations should, as far as possible, 
equal the cost of the variable portion of the superstructure. 

The height of the bridge is fixed, nearly m all cases, bj the phisical 
conditions of the banks as Author himself has so well described in the 
paper. 

The temporary collection oi debris is not the serious matter imagin- 
ed by persons with limited experience of this type of bridge. There are 
seme hundreds of submersible bridges in the Central Provinces of small 
span (-0 to 40 feet) which regularly collect debris duriug floods but 
which never come to any harm on this account. 


I believe some experiments are teing carried out at the Irrigation 
Research Station at Foona on the lifting effect of floods on bridge slabs. 
Seme of the superstructures shown for the slab bridges in the paper are 
on the light side and reference has been made to the peundmg and vibra- 
tion experienced in bridges having similar slabs. 


There is a case on record where concrete slabs weighing lo tons 
each were lifted off a bridge under construction during a flood and deposited 
undamaged 70 feet or «o down-stream. The lifting force cah le lessened bv 
-uital'ly "nosing’" the up-stream and cown-stream faces of slabs (one case 
- re {erred to iu the j-aper) and a good deal of experimental work has been 
* n direction, so that it is, I beheTc. now reg*r ~" 5 5 

r ractici 


- Ti c Author has not touched on many problem* which are still 
*he ritrds of designers cf submersible bridges. Aircrg these maj 
enS 1 ? 1 ' 7 V* .Vrtwanee to be made far buojancy tn piers and abutments : 
be r-c*.^ *■ - 
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the provision to be mvio for exptnMon joints (no Midi joints have Ix-cn 
provided in scicril long nrrAr.i bridges in t h*» iVntral l’lmittrr* ntid then* 
are no cracks visibh?. while bridge* erected with expansion joints m fmrno 
cases allow heavy crack* in the pncmcnt). i}jp ru«.luoimic required mcr 
arch crowns , the elimination of silt do|Kisits in tlic approaches . the necess- 
ity for sloping the formation at the inds to siwml rock-cutting in approaches; 
the provision of vertical transition curies, whither in tho budge itself 
or in the approach cuttings an<l manv simitar matters. Somo of thc«e 
problems arc discussed in Mi Dean h piper (referred to nlrcadi) and 
the accotupinytng coircspondcncc 


The question of cushion in these filah and arch designs is important. 
Some engineers hold that in hot dry climates, thu blow s on naked, rigid 
concrete structures from n on-tyred cart traflic tend to destroy tho crjstals 
m the concrete it»clf and may, in certain case*, lead to disintegration an has 
certainly happened after 20 sears or so of such traflic over insuiliciently 
cushioned lime concrete arches in tho hot dry areas of Bcrur. 

I do not quite understand tho remarks of tho Author on piers being 
safe, eien if tho resultant forco falls outside the middle third. If tho 
uu stream masonry faces ciack, brush-wood and silt aro forced into the 
joints and a time comes when there is danger of failure due to sliding as 
occuired in one case of a d.im in the Central Provinces many years ago 
In that case it was held that failuie was due to taking the weight of silt 
laden water as G2 4 pounds per cubic foot instead of 61 to GS pounds depend- 
ing on the kind of silt «a the river. I note 62 4 pounds is taken in the paper. 


The Author is the engineer of a contacting firm and he has naturally 
had to confine his remarks to budges built by his own firm. 


He has failed to re ilise the historic origin of the submersible bridge 
in India which has grown fiom the causeway through the two very notable 
pie-war submersible bridges over the Narbadda at ManaD and Khalghat, both 
built by the same Central Provinces Public Woiks Depaitment Officer, 
Mr. H B. Learoyd. 


Although I have commented at some length on points of design not 
brought out fully in the paper, I feel I cannot sit down without congratulat- 
ing the Author on dealing so ably with the very many more numerous and 
equally important points described in his paper. IIis analysis of stability 
factors is much in advance of anything I have so far seen m print and 
although 1 do not a 3 ree with all his conclusions, the analjns will 
undoubtedly be of help to those interested in the subject. 


I feel the Author has been hampeied through not haling been 
. . during construction, withtniny of tho bridges described by him 
as30cia > : , CSSi j 10 has produced a paper which is worthy of this Congress 

but ne^ ^ w m bo of very great benefit to the profession. 


Mr M#h a P atr4 (Cuttack): There is only one |>oint I would bio to 
„ connection with the shape of piers. At page G b), the Author has 
Rested that the bc-t shape o Ni pier should have a rounded front and 
taperel end. But though the shape of an entrance does not affect the area 
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abutments and wjng walls in the approaches and jet the common expeiienco 
is that the submersible bridges constructed in the pic-ecment«concretc 
period wero more frequently damaged at the ends than elsewhere — in fact, 
there arp on!> two or three recorded cases in the Central Provinces of such 
bridges damaged elsewhere than at tho ends. 

When sito conditions require large-arch spans at the ends of bridges, 
tho question of friction abutments should bo investigated. Another solu- 
tion is to inuko “land spans” of shorter length hut so constructed as to 
take the unbalanced thrusts of tho main spans. Sometimes itpajs to 
mako abutment piers well away from the banks, us in tho Tilwarnghat 
bridgo (sco piper read by Mr. A. \V II. Dean, VoJ. 232 Session 1234 of tho 
ptoccedings of tho institution of Civil Engineers, London ). 

*i. With regard to the general conclusions stated in the last para- 
graph of the paper, it may bo observed that it is not often possible to 
choose tho sito that is the most suitable from tho engineering point of 
view, ns tho silo is nearly always fixed, within narrow limits, from 
considerations of trade routes and other factors. 

Too groat stress can bo laid on making spans “Jong enough and 
high enough to pass all floating debris". In actual design, the size of tho 
spans is generally fixed from considerations of cost according to Waddell's 
well-known rulo that the cost of tho foundations should, as far as possible, 
equal the C03t of the variable portion of tho superstructure. 

Tho height of the bridge is fixed, nearly in all cases, by the physical 
conditions of the banks as Author himself has so well described in the 
paper. 

The temporal y collection of debris is not the serious matter imagin- 
ed by persons with limited cxperienco of this type of bridge. There are 
some hundreds of submersible bridges in the Central Provinces of small 
span (20 to 40 feet) which regularly collect debris duiiug floods but 
which never come to any harm on this account. 

I believo some experiments are being carried out at the Irrigation 
Research Station at Poona on the lifting effect of floods on bridge slabs. 
Some of the superstructures shown for the slab bridges in the paper are 
on the light side and reference has been made to the pounding and vibra- 
tion experienced in budges having similar slabs. 

There is a case on record where concrete slabs weighing 15 tons 
each woro lifted off a bridge under construction during a flood and deposited 
undamaged 70 feet or so down-stream. The lifting force cah be lessened by 
suitably “nosing” tho up-stream and down-stream faces of slabs (one case 
is loforred to in the paper) and a good deal of experimental work has been 
dono iccciitly in this direction, so that it is, I believe, now regarded as good 
practice to have n particular kind of “nosing" on all flat-slab bridges. 

6. Tho Author has not touched on many problems which are still 
engaging tho minds of designers of submersible bridges. Among these may 
bo noted tho allowance to be made fai buoyancy in piers and abutments; 
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the provision to Imj maria for expulsion joints (no such joints have heen 
nrovided m several long arched bridges m tlio Central 1’ioiinces unci them 
uro no cracks visible, wlnlo bridges elected with expulsion joints in bomu 
cases show heavy cracks in the pavement), the cushioning required over 
arch Clowns , the elimination of silt deposits in the approaches , the necess- 
ity for sloping tl to formation at the ends to ntotd rock-cuttmg in npproachos, 
the provision of vertical transition cuncs, whether in the biidgo itself 
or in the approach cuttings and man* similar matters Homo of these 
problams are discussed in Mr Dcan'b pipei (icferred to ahead}) and 
the accompany mg cortcspondcncc 


The question of cushion in these slab and aich designs is important. 
Somo engineers hold that in hot dry climates, the blows on naked, rigid 
concrete structure* from non-t}rcd cait traffic tend to destroy the crystals 
in the concrete it»e!f and maj, in certain cases, lead to disintegration as has 
certainly happened aftei 20 \ ears or so of sucl> traflic over insufliciently 
cushioned lime concrete arches in the hot dry areas of Berar. 

I do not quit9 understand the remarks of the Author on piers being 
safe, even if the resultant force fulls outside the middle third. If the 
u» stream masonry faces cinck, brush-wood and silt are forced into the 
joints and a time comes when there is danger of failure due to sliding as 
occutred in one case of a dam in the Central Provinces many years ago 
In that case it was held that failuie was due to taking the weight of silt 
laden water as G2 4 pounds per cubic foot instead of G4 to GS pounds depend- 
ing on the kind of silt in the river. I note G2 4 pounds is taken in the paper. 


The Author is the engineer of a conti acting firm and lie has naturally 
had to confine his remarks to budges built by his own film. 

He lias failed to realise the historic origin of the submoisiblo bridge 
in India which has grown fiom the causeway through the two very notable 
pie-war submoisible bridges over the Nnrbadda at Manilla and Klmlghat, both 
built by the same Central Provinces Public Woiks Department Officer, 
Mr. H. B. Learojd. 

Although I have commented at somo length on points of design not 
brought out fully in the paper, I feel T cannot sit down without congratufat- 
2n /» tl , G Author on dealing so ably with the very many more numerous unri 
equally important points described in his paper. His nnal} sis of stability 
factors is much in advance of anything I have so fur seen in print and, 
although I do not agree with all his conclusions, the aiuljtis will 
undoubtedly be of help to those interested in the subject. 


I feel the Author has beon hampered through not hating been 
associated, during construction, with many of tho bridges th senWd by him 
but nevertheless, bo has produced a piper which is worth} of this Congress 
and which will bo of very great benefit to the profession. 


Mr Mfthapatra (Cuttack):— There is only one |*oint I would Me to 
s,y in connection nitli the shape of piers. At pane G W, the inti, or Ins 
Hut the bc<t shape of a pier ebonU hue a rounced front and 
tapered end But thou S h the shape of an entrance cues not affect the area 
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subjected to pressure, jt gi eatlv influences the velocity of discharge and 
thereby modifies the pressuic duo to static held. An opening with pointed 
piers resembles a bell-mouth and gives the mumium co cllicient of dis- 
charge with the minimum resistance to How ; for such an opening Thomas 
Box gives 0-96 a3 the co-efficient of velocity nnd, ns already mentioned by 
the Author, Gibson’s formula gives the co-efficient of 0.1-o for computing 
pressures due to velocity, formation of eddies and friction Therefore, I 
would suggest that the front of a pier should bo pointed and have the shape 
of a gothic arch insteid of being rounded to give tho best result 

Mr. A. Nageswara Ayyar (Madras). — We are indebted to the Author 
for the lucid way in which ha has enunciated tho main principles governing 
the designs of submersible bridges. Often-timcs we sco designs nf submersi- 
ble bridges being made similar to ordinary high-level bridges, although the 
stresses developed in the former are far mote severe than in the case of 
the latter, and the paper under discussion will, we are sure, in ike designers 
careful in designing submersible bridges. 

In the case of submersible biidges of the tjpo described in this papei, 
it seems to me the saving in cost that cm be effected by adopting the t> pe 
will not be worth the lisk invohed It is common knowledge that it is at 
the time of the highest Hoods, that large floating bodies such as big trees, 
hayricks etc come When the biidge floor causes obstruction near to the 
level of the highest flood, it causes the floating bodies to obstruct the 
ventway and present a veiy large suifaco of obstruction to the flow of 
water. This is especially the case when a forked bianch of a tree gets 
entangled and in course of time collects fuither rubbish. In Madras, several 
old arch bridges which had been set ring well for several decades, had given 
way on account of these causes. 

The matter is not so serious when the foundations are rocky, hut when 
the bridge is founded on sand or in clay, the obstruction caused, causes consi- 
derable scour, and exposes the bridge to serious risks Hence, I think, 
submersible bridges should be designed as vented causeways so that all float- 
ing bodies which will come only in high Hoods and will he in the surf ice will 
pass over the bridge without causing bairn. 

If the river goes in well-defined banks and does not have much overflow, 
it is very doubtful if submersible bridges will, at all, leduce the cost subs- 
tantially. If, on the other hand, the river overflows the banks, and a subs- 
tantial portion of the water flows over the banks, as happens in most pirts 
of India, at least in South India, the bridge can easily be raised aboi e the High 
Flood Level. (The real cost of the high-level bridge is due to the land spans, 
a considerable number of which is required to dischaige the water owing 
to the shallow depth!. The approach road can he sloped to meet the bank and 
the road taken at tho level of the bank, so that in times of highest floods the 
approach roads may act as waterway. I had myself designed aud executed 
several bridges of this ty pe, and they have been serving foi well over a decade. 
In one case, a high-level bridge designed to pass the whole discharge was 
estimated to cost Bs 5 lakhs. This was le-aesigned as above described, and 
executed at a cost of Bs 89,000/- only, and the budge has been standing quite 
well for a decade now. The bed of the river is only sandy and the founda- 
tions have been taken only to a depth of 20 feet without any floor, and there 
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his been no danger. The design of a submersible bridge was also thought 
of at the time, but the reduction in cost by reducing the height of the budge 
"as quite negligible and hence we didn't adopt it. 

It is not known if, in the case of the Bhandara Bridge, the extra cost of 
raising the bridge above high llood level but keeping tiie approach roads 
submersible, had been worked out In Madras, a high level bridge with 
long suhmeisthle apptoaches is a common occurence, and has been found to 
give good results* Wlieic, however, the discharge of a stream is small and 
tlie water ri^es high owing to the backing of a main river to which it flows, 
there is no object in raising the budge above the high flood level, as, under 
such conditions, there will he very littlo flow and the waters will be merely 
stagnant. The decking will, however, have to be fitmly fixed to the piers to 
pretent uplift but permit expansion under tempemture changes. 

In the case of hand rails for these submersible bridges, there is a parti- 
cular oiilicuit} Most of our bridges are m out-of-the-way places and we are 
not suie when floods will come It is quite possible the railings may 
remain in place when floods como overnight and cause irreparable damage, 
01 an otei-careful subordinate may remove the railings in the rainy season 
when foi setetal days the budge may remain without handrails and" be in a 
Jangeious condition It seems desuable that when such bridges are 
adopted the handiails should automatically collapse when floods rise above 
the load, and be in position when the floods go down- A design to 1 satisfy 
the above conditions has been worked, and is being uaopted in a submeisible 
bridge in com so of constiuction in Madras It is not very costly : the cost 
comes to Its. 8 /- per running foot 

P.ai Sahib Fateh Chand (United Provinces): — The Author has done a 
great service to road engineers hy bringing out tliis paper giving a lot of 
useful calculations and other information on submersible bridges on which 
so little literature is available in engineering text books or in departmental 
circulars of the Public Works Departments But to judge the real utility 
of such bridges, it is very necessary to comjiare their cost with the bridges 
of full height. 

I would particularly liko to know from the Author on what item or 
items ho considers economy to bo possible ' 1 

The first and the foremost consideration is ■ 

in foundations. As the Author says, a 

besides the live and dead load, a very considerable horizontal thrust. 
No economy can, therefore, he effected in foundations. Tho road surface 
will have to bo actual!) stronger in the case of a submersible bridge than 
in a high-level bridge to allow for the rush of water passing over it. This 
being «o. tho point Is, under what conditions a submersihle bridgo will be 
more suitable A little economy in the masonry of the piers and abutments 
or m the earthwork of the approaches does not mean much. If no funds 
are available or if the road is not of sufficient importance for a bridgo of 
tho full size, will it not bo more economical to construct a raised cause- 
way? I have constructed several such came wa)s with a few Hume pipes 
or with small openings of. sav, up to lo feet span at comparatively small 
coH I will, therefore, particularly request the Author kindly to indicate 
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the directions in which saving can be effected in the case of a submersible 
bridge and also to suggest a solution of the difficulty and the risk involved 
due to the budge being without any parapets at all during the floods when 
these aie required the most. I tried iron posts with chains which did 
not stand the combined forces of the flow of water and timber and other 
materials brought down the stream. I then tried G inches high perforated 
cement concrete parapets with 4^ inches wide openings after every 4^ inches. 
This was successful in as much as it provided a check ngainst a traveller 
losing his feet due to the velocity of the current. Erection of two or 
four ‘ balli" posts at 30 to 40 feet distances with wire or rope on either side 
of the causeway proved very useful in protecting the traffic against the 
same danger. But this cannot be possible in all cases and the Author 
might perhaps bo able to suggest some other devices to meet difficulties of 
the above nature both over submersible bridges and over raised ‘causeways. 

Mr. K. G. Mitchell (Government of India): — The chart at Figure I of 
the variations in water level at the site of the Bhandara bridge in 1928 and 
in 1929 shows that the bridge was sited at a level at which it could have 
been only overtopped twice in 1928 and once, or possibly twice in 1929. 
These charts aie useful in determining the level of a hridge and in order to 
consider, having regard to the traffic, what amount of interruption can he 
allowed if there is a correspondingly large saving in the cost of the bridge. 
But what I want to ask Mr. Nilsson is whether he considers that these 
charts of obsei vations, taken a year or two before a hridge is constructed, 
reliable, that is to say. if corrected for a maximum known high flood level, 
will they represent the general shape of the curve in the majority of flood 
seasons ? In short, how much value does Mr. Nilsson attach to these 
charts ? 

As Mr. McKelvie lemarked, the design of submersible biidges is a 
progressive science and we expect designs to reflect the expenenco gained. 
Mr. Nilsson has pointed out in connection with the B.vra-Rewa bridge that 
the underside of the spans was made smooth. That bridge was built in 
1931, but, on the other hand, the Kahsindh biidge, which was built in 
1934, was provided with a coriugatpd slab to reduce the dead load, I have 
heard it said that, at times of flood just before the Ivalisindh bridge is 
drowned, very considerable vibration is set up owing to this type of 
construction and it would bo interesting to know why, if a smooth soffit 
was considered necessary in 1931, it was abandoned in 1934 ? 

As regards what Mr. Ayyar said about building high-level bridges 
and, for a time, providing lower approaches in order to save initial cost, 
this might bo an ultimate economy, but until high-level approaches were 
provided, the cost of the high-level bridge would not be reflected in any 
public benefit The fact is, I think, that the conditions in India vary, and 
in soma places submersible bridges are absolutely necessary, while in others 
conditions are different. One of the earlier submersible bridges that I 
know of is that over the Narbadda on the Bombay-Agra -Delhi road The 
river there 13 in a deep well-defined channel, the road level on the bridge 
being well below the banks In dry seasons, it has the appearance of a 
high-level bridge and it is in fact only closed, I believe, for about 10 to 12 
days m an average monsoon But when it is topped, it may have as much 
as 20 to 30 feet of water ov§r it and a high-level bridge would be very 
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expensive. It is all a matter of the greatest possible service in the improve- 
ment of communications with limited resources. 

As regards collapsible railings, the design of these has been very much 
improved, but there still remains the fact that when they are down, the 
btidge is, and looks to be, extremely dangerous Stone bumping posts 
and other devices have been tried, but I do not think that an entirely 
satisfactory arrangement has yet been designed and it would be interesting 
to know if anj one has any definite ttleas on the subject. 

Theie is one point on which Mr. Nilsson may be able to give us 
fin tber information, and that 19 , on the design of approaches to submersible 
budges. Wheie the approaches aro at right angles to the river and are in 
cutting and the liver carries considerable volume of silt, we frequently find 
that, when the flood has subsided, theie is a heavy deposit of soft mud 
on the appioaches, which renders them inipassahle until it ha9 been cleared 
away which may take time and involves expense. I have seen, on the 
other hand, approaches to bridges and causeways more or less parallel 
with the stie.im and inclined m the direction of the flow which do not 
appear to suffer m this respect. This is natural, but I should be glad if 
Mr Nilsson could throw an) more light on the matter. 

Mr. A. Lakshminarayana Rao (Madras) . — I find that in the Paper, in- 
formation is not given about tho estimated cost of high-level bridges at the 
simo site, so that we may be able to gather whether the construction of sub- 
mersible bridges was economical or not. It is found in somo of the given cases, 
the cost is as high as Rs COO per running foot Ordinarily, bridges cost 
Its 300/- to Rs. 500'- per running foot. For submersible bridges tho cost of 
Rs COO'- per running foot is not economical One of the peculiar features of 
tho design is the obstruction to the waterway If we look at the Bhondara 
lliidge, we find one thud of the waterway is obstructed. The cross-section 
has not been continued to show that the construction of submersibte bridge at 

tho kite w economic 1 * ’ ' • ’ *’ T ' 1 

Budge, if a bridge I ■ 

have been very much ■ ■ ■ ; 

bridge Ono particular point I wish to make in this connection is that 
when we nio designing a submersible bridge, tho main principle to bo observ- 
ed, should ho that it must bo distinctly cheaper than a pucca bridge. If a 
submersible bridge at any particular site exceeds in cost by more than 40 per 
cent to 50 per cent from that of pucca bridge, then it is not much uso going 
in for a submersible bridge If the Author would give moro details about this 
relative cost aspect, it would be very illuminating. I constructed one 
submersible bridge on a stream in Cuddapah District whoso tjpical cross- 
section is shown in sketch 1 below The submersible bridge cost one 
lakh and a pucca bridge in tho same locality was estimated to cost three lakhs. 


SKETCH NO. 1. 



f 
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I only submit that in the design of submersible bridges, it is the cost 
of the bridge that matters and not any other consideration. 

Another alternative to a submersible bridge dosign, I submit, will be, 
the provision of a high road dip in tho approaches of the bridge. Supposing 
we have a runniug stream, inundating on either side for miles and miles; 
it may be stated that tho number of spans to be allowed for a pucca 
bridge would increaso tho cost terribly. This is the chief objection raised 
against pucca bridges. 

As againBt submersible bridges, tho length of waterway to be 
provided in such cases is so great that the cost will bo tremendously high 
In the case of this btidge, constructed in ■' ; * ' 1 

the board), hero a small road dip is allowe i 

No. 2 below). This dip would not obstru . • _■ 

valve in flood season. I submit it has to bo considered whether a 
pucca bridge with tv spillway in the approach, at a level which will not stop 
trathc, would not be more economical than a submersible btidge. If after 
considering all those aspects, it be found that the cost of a submersible 
bridge is 40 to 50 percent of that of a pucca bridge, aud if it be found that a 
pucca bridge would not be more economical, wo have to go in for a submersi- 
ble bridge. 

As my friend, Mr. Ayyar bad put it already, it has been worked out 
in the Madras Presidency, that in many places where some engineers had 
designed submersible bridges, pucca (high-level) budges would not exceed in 
cost by more than 30 percent from that of submersible budges. The prime 
factor is to decide on the most economical budge and the designs should 
not be based on any other consideration. 

Sketch No. 2 



Mr. G. B Yaswani (Karachi) : — There are two kinds of livers, some 
are inundation liveis and others are perennial riveif. In the case of per- 
ennial rivers, when any bridge is to he constructed, is is better to have a 
bridge for high water level and specially where heavy tjpe of business truffle 
is taken over it. 

In tho ca3e of inundation rivers, it is not necessary to provide arches 
for the whole length of the river, becauso anyway, the bridge is to be flooded, 
whether you provide arches or no arches. 

In Karachi we have got one inundation river which flows with a gieat 
force during the time of the flood. We found that if we constructed high 
level bridge so that people could cross it at all times, the cost was too much. 
Therefore, we decided to provide a low level causeway with openings and 24 
inches diameter pipes in the sides so as to break the force of the under- 
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curients and also to he passable over the portions where water stood through- 
out the year. This reduced the cost considerably. 

In my opinion this is the best way of reducing the cost. 

Mr. D. Nilsson (Author): — Mr. McKelvie's comments were the first ones 
and I thank Mr McKelvie for the interesting remarks he has made. I think 
we nil are indebted to him for having taken the trouble of printing these 
remarks for us. 

I must first protest against his stating twice that I have no personal 
experience of the work concerning which I liar e written. All the bridges, 
except, of course, the original pait of the Mandla Biidgc, were designed and 
built by my firm during the time I have been either Chief Assistant or 
Chief Engineer ; and the budges mentioned aro not all the submersible 
bridges in which I have been interested. Mr. R 1*. Mears was our Chief 
Engineer during the construction of the bridges in the Central Provinces 
which particularly interested Mr McKelvie and these bridges, I think, not 
only fanned my first experience of Reinforced Cement Concrete submersible 
bridges, but that of Mr McKelvie also. He may bo interested to know that 
all the engineers who were resident on those works are still on my staff. 

Mr McKelvie thinks that the graph of flow on the Tapti and Purna 
rivers would have been better than tho one in the paper. I quite agreo, but 
unfortunately, as he himself ba3 pointed out in Ins remarks I am only a 
contracting engineer and have to use the material I have available. How- 
ever, I think that the graph in the paper illustrates very well what I 
intended to show » e., the very high floods and their rapid rise and fall 
during tho monsoon 

Here I should reply to one of the points raised by Mr. Mitchell. He 
asked whether generally such charts were available for livers when bridges 
had to bo built Unfortunately they are very seldom available and the 
charts shown in the paper were obtained from figures kept by our own 
engineers on tho job. If charts were available, one could see from the 
chart whether a submersible bridge would be suitable or w hether it was 
necessary to construct a high level bridge. 

I am sorry if I took it for granted in the paper that nobody would 
build a submersible bridge if a high level one was cheaper (Laughter). I am 
sorry also if I appear to have given, as Mr McKelvie says “a mere descrip- 
tion of actual structures winch may not represent latest accepted practice". 

I thought I had given examples, each of which illustrated some detail of 
design 

Any way I hopo they arc not all as bad as tho impression given by 
Mr McKelvie, for I have three under construction at the moment, but I do 
think that having criticised so much ho ought to have given us at least one 
example of tho "latest accepted practice", or as he says in para 2 (on page 
30, (i )] of his remarks, at least one “example of the list word in design”. 

Mr. McKelvie taps that the flat arches at Wagholi were afterwards 
regarded as a had mistake, hut he does not say by whom, nor does he gire 



a icason except that thoy wore hasod on the mistaken theory that a 
submersible bridge should afford the least possible obstruction to the river. 
Do not lot yoursolvcs ho misled by this. The obstruction offered is of great 
importance and it must ho carofully considered in the design. E\cn Mr. 
McKelvio contradicts himsolf sufficiently further on to admit this by saying 
"the views of moie experienced designers provailed namely that obstruction 
was a factor which should he analysed”. I wish ho had named those “moro 
experienced designers”. You can build a dam to completely obstruct the 
flow, then tho horizontal forces aio \ery great and you make a correspond- 
ingly large base. In a submcrsiblo bridge tho horizontal forces are much 
less and the baso on which it stands is also much less hut the two must 
be designed to suit each other so that tho structure is safe. Dealing 
with the effect of this obstruction is the main point of my paper. 

If you look at figuro 3, you will son that tho Wagholi bridge is 
founded on piles. When designing tho bridge, it was not known that 
the ground was so hard that only comparatively small penetration of 
tho piles could bo obtained. Further, it was al«o not intended to dig 
down to tho depth shown and fill in with weak conciote round tho piles 
which incidentally added much to tho cost. If you imagino tho piers 
standing on the pile caps supported on about 35 feet long piles in ordinary 
piling ground, you will I think agree that it was sound practice to reduce 
the obstruction and resulting horizontal forces as much as possible- The 
objections to flat arches aro of course the heavy abutments required if rock 
is not close to the surface and the extra cost of the aiches due to the high 
arch shortening and temporaturo loads which occur. 

The Bhandara foundations were criticised but I do not think that nt 
tho timo of building this bridge the good points of the design were properly 
appreciated, nor apparently are they now Insistence need not have been 
made on sinking the cylinders down to rock nor need they be so truly 
vertical as he suggests. The cylinders are net intended to cany weight, 
the piles do that, what the cylinders do is to enable the piles to be braced 
at a very much lower level and formed into a solid group, and the cylinder 
also protects the piles whore they are most liable to attrition. Furthor, 
and most important of all, is that, in spite of what Mr. McKelvie says, it is 
a very sound foundation and at the same timo comparatively cheap. 

Reference is made to the Purna Bridge This was designed to my 
instructions for tho Bombay Government and built by Messrs. Hindustan 
Construction Company and I have already given Mr McKelvie a copy of 
tho drawing. The design is very similar to the Bhandara Bridge except 
that "here the cylinders aro sunlc through sand and shingle and the piles 
driven into what is called "maim" and silt I believe that some trouble 
was experienced there also owing to the wells being sunk unnecessarily deep. 
Tho cylinders should not bo sunk into difficult ground the}’ should sink 
comparatively easily and when tho sinking becomes difficult the piling 
should ho driven and the cylinders concreted. The sinking is not meant 
to go into such ground that tho cylinder is capable of carrying the load itself. 

It is stated that tho repiits at Mandla Bridge cost more than three 
times the original cost of the bridge That I do not know, hut the total 
cost of tho repairs including various other odd jobs was Es 2,12,000/- so 
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that the old bridge must have cost less than Rs 70,000/- though it is about 
1,900 feet long, or about Rs 37/- per lineal foot. Well, I am sure glad laid not 
build the old bridge 1 Laughter). Mr. McKclvie might, I think, have pointed 
out that the repairs aid not only consist of replacing a part of the bndgo 
where the water was swift and about 15 feet deep, but the repairs included 
widening of that pait of the bridge and replacing all the old lime concrete 
spandrel fillings by cement coucieto and many other items I cannot remember 
Also, no more trouble has been experienced with that budge Mi McKelvio 
is surprised that anybody should refer to this bndgo except as a warning of 
how not to design and if he will tefer to the paper again he will see that 
that is exactly what I have done- 

Mention is roado of knocking and a ibration in the flat slab design. 
Details regarding this would have been of real service and mtoiest and I 
trust that these, if they can be substantiated, will be communicated to the 
Roads Congress 

Mr. McKehio also gave a very interesting sketch and lemarks on the 
rounding of the edges of slabs I think his suggestion is \eiy good and I 
hope ho will not mind if I adopt it on some bridges I am doing just now. 

Mr McKehio draws attention to a number of points which I havo 
not touched on particularly, but most of these are points which will ariso 
whether the bridge is submersiblo or not and I havo tried to confine myself 
to thoso things which occur only because tho bridge is to bo submersiblo. 
However, buojancy does concern submersiblo bridges and attention is 
drawn by him to a dam which failed because tho silt laden water was 
taken at 62 4 pounds per cubic foot instead of G4 to GS pounds per cubic foot. 
In the one case, there was 2$ percent and on the other case 9 percent 
difference in weight and it seems likely thatthero were also other contributary 
causes of failure Generally speaking for a bridge being designed on reason- 
ably safe factors, 62 4 pounds per cubic foot will be quite safe. 

Ho also brings up tho question of tho abutments and he particularly 
refers to land spans This might apply to either submersiblo or high level 
bridges and will depend upon the site and especially the cross section of 
tho river For example, if the river has steep banks it will bo best to have 
tho abutments in the bank, but if tho cross section is dish-shaped a land 
span may be laoMa cheaper and better 

Mr McKelvio saj s too great stress can be laid on making spans long 
enough and high enough to pass all lloating debris and he points out how 
lucky they havo been in this connection in tho Central Provinces None-the- 
lcss, I suggest you make- allowance for as largo openings as possible allowing, 
of eour«e, for tho necessities of tho site and reasonably economical design. It 
is impossible to lay down bard and fa«t rules, all the Tarions points must 
ho kept in mind and the best possible compromiso made, without ever 
sacrificing strength or stability. 

Mr Mahapalra has brought out quite a good point. He has suggested 
that an opening with pointed pieis resembles a bell-mouth and, therefore, 
gives an increased discharge and consequently less resistance This is of 
course truo for very small spans lmt where spans are large tho effect would 
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be negligible. It must also be remembered that a bell-mouth with rounded 
sides will give a larger discharge than one with straight sides and therefore 
it looks as if the pier with a rounded up-sticam cutwater will give the 
best shape. 

Mr* Nagoswara Ayjar suggests that the ri«k of submeisihle bridges 
is not worth the saving. I have tried to point out in my paper that there 
should not be any risk if the bridge is designed properly. lie suggests that 
a low causeway should be used as there will not bo much saving if a high 
causeway is designed. Several other speakers suggested the same thing 
I think Mr. Vaswani suggested that tho causeway should only hare a few 
arches in the centre and the ends should ho solid. I do not think these 
gentlemen have had experience of a real typo of submersihlo bridge* What 
they are after is a bridge where tbo ordinary Jlood level is the same as tho 
maximum high flood level. They must realise the difference between 
ordinary flood level and tbo maximum high flood levol in rivers with flood 
charts such as I have shown There a bridge is required which comes over 
the ordinary high flood level, but under the maximum high flood level- The 
maximum high flood level overtopping the bridge only stops traffic for a few 
hours during one or two days in the monsoon. 

Mr. Ayyar has also spoken of hand rails in outlandish sort of places 
wheie there would be nobody to collapse them before a flood and Eai Sahib 
Fateh Chand has also referred to this point- In many places only small 
wheel guards are used and no railings. In the paper I mentioned the 
bridge over the Narbadda River where the railing collapses by itself during 
high flood but has to be lifted up again after the flood has subsided. On 
one bridge in the N. \V. F* Province, timber posts aie let into holes in the 
deck- These form quite a useful and efficient tailing which, during floods, 
offers little obstruction and, if broken, can easily be replaced- 

Mr- Mitchell points out that in 1931 we built slab bridges with flat 
bottoms and later in 1934 we built-slab bridges with corrugated bottoms 
The flat bottom is of course much better but the corrugations m the design 
shown aie extremely small and it was thought that their effect would b9 
negligible whereas the design is very efficient and economical- 

I shall be very glad to hear particulars of the suggested vibration 
which occurs in these slabs and to know whether there i3 really anything 
in tbe suggestion that matters, or whether the vibration is just a slight 
shaking which very often is experienced in many bridges during high flood- 

Mr* Latshminarayana Rao suggests that in .some cases high level 
bridges would have been cheaper than submeisible bridges but I can assuie 
him that that is not the case. It is not merely the cost of raising tho 
piers that makes the difference because there is a tremendous diffeience 
between the whole submersible bridge and high level bridge design The 
length of a low level bridge may be less than half that of the high level 
bridge and that will obviously give an enormous saving. He thinks that 
the obstruction on the Bhandara Bridge is very great — almost one third, but 
be should remember that, during floods, practically the whole of the sand in 
tho river bed will be scoured out. He further suggests that the high level 
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bridgo, with spillways at either end, might be better and cheaper. Whether 
this would be so, is a matter for investigation. Every bridge must be 
examined from every possible point of view and it is quite impossible to 
standardize on any particular type. It will always be a compromise of some 
sort but when you do compionnse, keep it on the safe side- 

Mr McKelvie in his lemarks at the end complains that I 
have failed to realise the historic origin of the submersible bridge, 
but I regret I was not dealing with that aspect at all- Perhaps he 
would be good enough to read a paper himself on that subject for next 
session If so, I hope he will not forget the submersible bridges in Africa 
and Australia where I heheve a very largo one wa9 lnult as long ago 
as 1890. 

Mr. P. V. Chance (Chairman): — I wish on behalf of the members to 
thank Mi Nilsson for bts most interesting paper. Many of the bridges were 
constructed in the Central Provinces and they are standing well and have given 
no trouble. We have been discussing this morning the necessity for report- 
ing failures but these bridges aro successes and I do not think there can be 
much w’rong w ifch the theory on which they were designed 

There are one or two points I may mention. Mr. McKelvie has refer- 
red to the research on slab bndgos The slabs of a small bridgo were 
washed away and experiments on the uplift on such slabs have not been 
completed but there is good reason to believe that the cause of the 
damage was due to green masonry in the piers rather than any exceptional 
hydraulic force. Mr. McKelvie has also referred to tho reputed high 
specific gravity of the water in the Central Provinces and its effect on a dam. 
The dam failed owing to the section being insufficient to withstand the normal 
pressure After the failure, an explanation was given that the water carried 
such large quantities of silt that tho pressure was abnormal- Most of the 
engineers concerned did not accept this explanation 

If submersible bridges are constructed at or a little below natural 
bank level, tho silting of the approaches which sometimes takes place as 
pointed out by Mr. Mitchell would be largely avoided. It is. of course, 
necessary, as Mr. Nilsson has stated, that the formation should not be 
higher than tho banks so that approaches in filling may be avoided but the 
ideal position is just below the natural banks. 

In conclusion I havo to thank Mr. Nilsson for his most interesting 
paper and also to thank those members who gave us the benefit of their 
viows on it. 


CORRESPONDENCE 

I. Comments made by Mr. Dildar Hoiain (Hyderabad-Deeean) on 
Paper No I. by pest 

In the case of Wagholi Bridge, the snbstratnm is shown to clay 
below the sand, whereas in the ease of Aodura Bridge, stiff clay is shown to 
lie below clay and sand mixed with clay. In the former cate pile foundation} 
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tions have been adopted wheicas in the case of the latter bridge ordinary 
foundations have been adopted. 

It would he interesting to know how the relativo hearing powers of 
the two types of clay wcie determined hcfoie deciding upon tho particular 
design and whether tho chances of a scour taking place in the case of 
Andura Bridge where tho foundations rest cntnely in clay ha\o been kept 
in view. 


2. In tho case of Bara-Rowa Bridgo, tho decking consists of beams 
and slabs I would like to know whether the beams were anchored down 
with the masonry of the piers, and if so, to what depth, as in such cases tho 
impact from floating trees might sometimes be so great ns to dislocata the 
entire deckway. 

3. The design of Kalisindh Bridge is shoa\n to consist of four or five 
spans designed as continuous beams. Doos this mean that each set of 4 or 
5 spans is troated in this manner? Tho word ‘oi’ does not give tho preciso 
idea. 


It is said that tho slab was corrugated near the centre in order to 
reduce the dead load. Is it to he undeistood that the reinfoicement of the 
slab was also bent to conform to the proposed corrugations. If not, it implies 
that the cover at the crown of tho corrugations was reduced, and again 
increased at the trough, which means that thero is hawllj any appreciable 
reduction of tho dead load. 

4. The Tapti Bridge is said to bo similar in design to tho Andura 
bridge and 19 said to have been overtopped by a flood of 33 feet. Tin's 
represents an application of a dynamic load of neatly a ton per square foot of 
the bridge surface I would like to know wliothor tho design of the arch 
has taken this also into account * 

5. It is seen from tho accompanying table that the diffcience between 
the high flood level and the biidgo road level varies for 0.25 foot to nearly 
20 feet in the case of the different bridges. It would be useful to know why 
in the cases of low submergence, it was not considered advisable to design 
an insubmereiblo bridge. 

Difference (in feet) 


Particulars. 

H.F B. 

B.R.L. 

Spans. 

between 

H F.L & B.R.1 

Bhandara Bridgo 

. 110.00 

104.75 

18 Y. 8G’-0" 

G 

Wagholi Bridgo 

. GG.23 

53.75 

8 V. 50' 

12 50 

Mandla Bridge 


Information not given 


Andura Bridge 

788 20 

773.80 

8 V. 5G'-3" 

15 

Bara-Bewa Bridge 

100.00 

79.90 

7 V. 34'-3" 

20 nearly. 

Kalisindh Bridge 

. 84.90 

84.65 

25 Y. 33'-8" 

0.25 

Monaguni Bridge 

. 44.75 

41.79 

5 Y. 33-4" 

3 
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II. Reply by Mr. D Nilsson to the oommenti of Mr. Dildar Hosain, 
on Paper No. I by post. 

Mr. Dildar Hosain a9ks regarding the Wagholi and Andura Bridge 
foundations, as to why piles were decided upon in the one case and open 
foundations in the other. I cannot remember the exact conditions under 
which these were settled, but I presume that the information legarding the 
river bed was rather scanty as apparently, judging by the small penetra- 
tion obtained by the piles, open foundations would have been ]ust as 
suitable at Wagholi as at Andura Bridge 

The deck of the Bara-Rewa Bridge was not anchored down to the 
masonry piers but ban a layer of bituminuous felt between the deck slab 
and the pier cap If the drawing is examined, it will be found that this 
deck is extremely heavy and amply 8Rfe against any impact from floating 
trees. 


I am sorry that the wording in my paper has not been quite clear, 
but as regards the Kalisindh Bridge there are five sets of spans of 4 slabs 
continuous to make up the total of 25 spans 

As regards the arrangement of the steel with the corrugations, this is 
quite simple as the steel is placed in the tioughs of the corrugations as if 
they were a series of beams and ample cover is obtained everywhere 

Mr, Dildar Hosain suggests that because the Tapti- Bridge is over- 
topped by 33 feet of water it has to carry a load of nearly a ton per square 
foot. He seems to forget that the water pressure is the same in all 
directions and that the water is under the bridge as well as over the bridge 
and there will be no actual downward load on the bridge on account of the 
depth of water by which it u submerged. 

As regards the difference between the high flood level and the bridge 
road level, this is fixed b\ the conditions at the site and also requirements of 
the roads General!) speaking, the road level has been fixed by the 
I'uMic Woiks Department for us. 




PAPER No. .1. 


Rai Bahadur S. N. Bhadnn (Chairman) . — Tiio next discussion is on 
Paper, J, “ Designs for Reinforced Concrcto lhidgcs of short spans for Indian 
Roads I would call upon tho Author of the paper to introduce his Paper. 

The following paper was then taken as read — 




PAPER tfa. J. 


DESIGN OP REINFORCED CONCRETE BRIDGES OP SHORl? ' 
SPANS FOR INDIAN ROADS 
By 

Bbij Mohan Lal, I.S E., 

Executive Engineer, Punjab P. W, D. 


1. Object — In the present age of road development, old roads are 

being improved and now ones being constructed in every part of India. All 
this road programme necessitates the remodelling of old bridges and con- 
struction of new ones, since bridges form the most important links in the 
chain of highway communication. There is however at present no uniform 
practtce in their design, and every engineer has to choose and adopt his own 
data and formulas when he is confronted with the task of building them. 
The Indian Roads Congress has performed a valuable service to Road 
Engineering in India by publishing “Standard Specification and Codes of 
Practice for Road Bridges in India”. If these aie adopted by all Provincial 
and State Governments, it will result in uniformity of strength and 
width of bndg - 11 2 3 4 *’ • ’ 

big rivers is a 
occurrence ' 

spans upto 4 ‘ 

to above to save road engineers tho trouble of having to design them ab initio 

every timo they liavo got to construct ono. 

2. Types — As tho reinforced concrete slab is now-a-days tho usual typo 
of construction, tho following types have been considered in this paper : — 

(a) Reinforced concrcto slabs for 6pans upto 20 feet. 

Fox ■spans 10 let! to 40 loot *. — 

Rolled steel Beams carrying Reinforced Concrete slabs. 

(e) For spans 15 feet to 40 feet : — 

Reinforced concrete T*Beams and slabs. 

3. TTirffft of Roadway — The practice in tho Punjab Public Works 
Department, Buildings and Roads Branch, is to provide a width equal to total 
formation width of the road concerned between wheclguards for bridges npto 
and including 8 feet span, and a width of 20 feet beyond 8 feet span. In the 
Standard Sjx?cificalion tco, a width of ten feet has been adopted per lane of 
traffic vide para A 3 on page 3 Therefore, for bridges of more than 8 feet 
span, a width of 20 feet capable of carrying two lanes of traffie is sufficient 
for all roads in the country outside Municipal limits. The formation width 
of roads in the Punjab is usually 32 feet, and this width is good enough for 

three lanes of traffic. 
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4. Live load . — Designs in this paper havo been rondo for Tho Indian 
Roads Congress Standard loading vide para R 3 on pago 7, ns most of tho 
bridges generally required lio outsido Municipal limits and Industrial areas. 


5 Impact /actor.— The following formula is recommended in the 
Standard Specification vide para B 4 


I = |x- 




with n maximum value of 0.50. 


Where n* 0 the number of traffic lanes and L is the loaded length of span 
giving the maximum stress in the member under consideration. 


For a span of 8 feet and 3 lanes of traffic (3*2 feet roadway) this works out to 
i k _®5 66 . 

* X 45+ m»±L> **45 + 16 




05 


= 0.53. 


Therefore for all spans upto 8 feet, a maximum value of .50 should bo used. 
For a span of 15 feet and 2 lanes of tiaffic tho impact factor will bo 

£L_ 

45+15Xj- 
i __ r>5 

45+15 xV, 

*=.48. 

Therefore for spans upto 15 feet too, an impact factor of 0.60 is good enough. 

Table I gives tho permissible impact factor upto 500 feet span. Figure 
No. 1 shows the samo result in tho form of a curve. In the following 
designs tho figures arrived at abovo have been used for impact factor. 

fi. Denpu of Ixenifoiced concrete slabs : — Chapter I) of the Standard 
Specification and Codes of Practice for Road Bridges in India deals with 
Reinforced Concreto Images and its recommendations aro based on tho Indian 
Railway Standard Code of Practice for Reinforced Concrete Construction and 
tho Code of Practico for tho use of Reinforced Concrete in Building published 
by tho (Imperial J Department of Scientific and Industrial Research, London. 
In these specifications, the stresses recommended for even tho ordinary grade 
concrete are higher than thoso generally in uso in this country at present. 
Table I on page 89 of the Standard Specifications shows theso for 1*2*4 mix 
to bo 750 pounds per square inch for concrete in bending, 75 pounds for shear, 
and 100 pounds for bond.* Tho Modular Ratio has also been adopted as 18 
instead of tho usual 15. Stress for steel in tension has been recommended 
as 19,000 pounds per squaro inch (page 92 Table IV) instead of tho usual 
1G000 pounds 

As tho quality of cement and standard of work obtainable in this country 
has sufficiently improved recently, there appears to bo no ojcction to adopting 
there for concrete road bridges in India and therefore designs havo been 
worked out adopting tho above stresses in Ibis paper. 

. Tablo IT of this paper gives tho properties of remforcod concreto slabs of 
total thickness ranging from seven inches to fifteen inches as explained below 
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Column 1 gives total thieknees'of slab. It will be shown heieafter that 
•It is not •economical to uso slabs of less than 7 inches total depth for road 
"bridges, and therefore calculations have been made for total depths com- 
imenciftg from 7 inches and rising by half an inch to 15 inches 

'Column 2 gives effective depth of each slab 

A cover of one inch and a half from the centra of main reinforcement 
has been assamed giving free cover of just more than an inch. 

Column 3 gives the moment of resistance of one foot width of each slab. 
This has been calculated from the foimula 
Mr- Rbd* 
where R ** pf»j 

p =* ratio of stool to concroto 

fj = tensile unit stress in steel 

j =* ratio of lover arm of resisting couple to depth 

According to standard practico 



k — ^2pn + (pn )— p n 

J *= 1-ik 

where n 53 modular ratio 

f c = stress in concreto in bending 
k *= ratio of dopth of neutral axis to depth d 
using the stresses adopted and above formula) 
p = .0089 
j = 857 

R = 137. 

Column 4 gives the area of steel per foot width of slab assuming 
p = .0089 

Column 5 gives the number of bars with spacing required for the area 
of steel in column 4. 

Column G gives the actual area of steel used per foot width. 

Column 7 gives the number ot bars and spacing required as distribution 
steel as required bj para D 22 fe) ot the Standard Specifications, This 
distributing steel lias been calculated from the tah’e? given on page 43 of 
tho Rxplanatorc Handbook cn tbe Code of Practice for the use cf Rein- 
forced Concrete in I3uildmgs, published by the (Imperial) Department o 
Scientific and Industrial Research, by Messrs Scott and Glanville. 



Column 8 gives the weight of ono foot width of slab assuming a weight 
of 144 pounds per cubic foot of reinforced cement concrete. 

7. Simply supported slabs . — Table III gives the designs of simply 
supported slabs for various spans from 5 feet to 15 feet. 

Take for oxamplo a span of 10 feet ; assurno total thickness of slab 10 J 
inches with effective depth 9 inches. Effective span is 10.75 feet vide para D- 
22 (a) of the Indian Roads Congress Standard Specification. Dead load 
bending moment assuming a wearing ooat of 3 indies thick plain cement 
concrete at 140 pounds per cubic foot is as below : — 

Weight of one foot width of lOfc inches slab ... ... 126 pounds 

Weight of threo inch thick comont concrete wearing coat... 35 pounds 

Total... 1G1 pounds. 

....... 161 X 10 75 X 10.75 X 12 

Ponding moment due to dead load = g 

«* 28200 inch pounds. 


Live Load . — The Indian Roads Congress Standard loading has been 
specified aB follows in para B 3 on page 7 of the Standard Specification : — 


0.34 ton per linear foot of each traflio lane plus a knife edge load of C 
tons for computing bending moments or of 9 tons for computing shears 
with the limitation that for computing bending moments the total distri* 
buted load on loaded lengths of 20 feet and under shall never be loss than 
6.8 tons per lane of traffic over the whole loaded length 


Impact factor for 10 feet span vide Table I of this paper is 54; a 
maximum of 50 per cent is however to be used. 

Therefore bonding moment per footi width of slab for live load is as below:* 


Due to distributed load= 


.68 X 


2240 X 10,75 X 12 
8 


Due to knife edge load 


= 24500 inch pounds. 

= -6 X 2240 X 10.75X12 
4 


— 43400 inch pounds 
Total = 67900 inch pounds, 
adding 50 per cent for impact. 

Total bending moment for live load = 101800 inch pounds. 


Adding dead load bending moment, the total bending moment amounts 
o 130,000 inch pounds. 

Referring to Table II, it will be seen that a slab of total thickness 
10£ inches ia safe for n total bending moment of 133000 inch pound$. ' 



Now test tins slab for shear and bond stresses 


Shear. 

This will bo maximum at the supports. 
Duo to Dead load 
Slab 


in « 

10 75 X^ X 141 


Wearing coat 


10.75 X jgX HO 


: 135G pounds 
= 377 pounds 


Total =1733 pounds 
- 173 ?= 8G7 pounds 


• = G16 pounds. 


Reaction on ono support duo to abovo = 

Due to Live load distributed 
, Reaction on ono support 

.34 X 10 75 X 22 40 X 1 5 
10 X s’ 

Knife edge load for computing shears is to be taken as 9 tons vide pago 7 
of the Standard Specification. Distributed on a width of 10 foot, this is 
equal to .9 ton or 201 6 pounds on ono foot width. 

Adding 50 por cent impact this is equal to 3024 pounds. 

Adding up, total shear amounts to 450G pounds 

y 

Now v = vide equation (1) on pago 108 of Standard Specification 


j “ .857 


450G 


= 46.G 


12 x. 857X9 

against an allowable stress of 75 pounds ride Tnblo I pago 89 of 
tho Standard Specification. 

Bond Stress. 


Bond stress. u= ■ 


jdS o 

Where £ o = Sum of perimeters of tho bars in tho tensile reinforcement, 
[t'life equation (3) on page 111 of the Indian Roads Congress Standard 
Specification and Codes of Practice J 

V x b 

ncncou ”biaxso’ 


« vX ~ ■■■ „ 

O X ,}*cin* of l-»r« 

Where o= Perimeter of one bar 
Hence u=vX 


spacing of bars 


perimeter of ono bar 
4SGX55 



According to para D. 25 (a) on page 110 of tho Indian Roads Congress 
Standard Specification and Codes of Practice, u should not exceed twice the 
appropriate permissible bond stress which is 100 pounds vide page 89j>f that 
book. As 113 pounds is less than twice 100 pounds, the slab- is safe for 
bond stress too. 

It will bo seen fiom Table III that a slab of 7 inches thickness is 
subjected to a bond sti ess of 192 pounds As a greater part of the shear 
is due to knife edge load which will ho 9 tons for a span of even ono foot, 
it is clear that to keep tho bond stress within permissible limits, any 
thickness less .than 7 inches will not be safe for shear and bond stresses, 

A detail of the slab foi ten feet span has been shown in Figure 3. 

8. Slabs for continuous spans . — It is frequently necessary to build 
bridges of multiple spans using continuous slabs. Table IY gives bending 
moments for live loads for intermediate spans and end spans. For purposes 
of easy calculations, bending moment for intermediate spans has been taken 

as and that for end spans as 

Take for example 10 feet span. 

Effective span too is 10 feet. 

Intermediate span. 

Bending moment for distributed h\’e load excluding 50 per cent impact 
per loot width = x 10JU2 inch-pM^s 

= 15230 inch pounds 

Bending moment for knife edge load per foot width 
_ 6X2240X1QX12 
10X6 

= 26880 inch : pounds. 

Total = 421 10 inch-pounds 

Adding 50 per cent impact this amounts to 63165 inch pounds. 

A reference to Table II will show that a slab of 8 inches thickness has 
a moment of resistance of 69500 inch-pounds. 

Assume a slab of 8 inches thickness, . 

Bending moment for dead load = ^^~^*^' — lQ^xl > . j nc jj .pounds 

= 13100 inch-pounds 

Total bending momcnt = 762G5 luch pounds 

Therefore a slab of thickness 8| inches with a resistance -moment of 
8QQQ0 inch pounds will suit. 


Knd Spin. 

Ter an end span the total bending moment *il! t>o 7f>30* V \ *40’ K< 
inch pounds. 

A slab of thickness 9 inches with a resistance moment tf 
pounds will therefore suit. 

Average live load per sguaro foot has also bf*n derived In Ibl* 1*11" 
from the total combined bending momenta Thra* result* hate alto l-eert 
shown in a graphical form in Figure 2 


9. Reinfotced conctete sh tb tupporltd on IlnJUd btrtl Ihttnt ft vr ill \>» 
seen from Tables II, III and IV, that hridgM upto 15 fr»t »| m iin>| lv *up 
ported and 20 feet continuous spans can l*o ironmiiir-nll) » 'instrtf' f •“'! using 
reinforced concrete slabs. For bigger spans it her 'inns iirr*»sarv In n»« 
beams either of steel or reinforced concrete carrjing lirnl^r *D«I nr 
concrete flooring. It is however now usual, as v.ril as r^mml' *1. in m* 
reinforced concrete for the flooring. A combination of to ) M »l"l l*nn« 
and concrete slab therefore is a handy and convenient rwtb'-d in mo4 ran i 
Designs have therefore been worked out in Tallin V for roll'd if" I I* am* hit 
spans from 10 feet to 40 feet Take for ixaniph* n eb"*r 'pm of f,, » \»t\ 
between supports. For a clear roadway width o f 20 hit tig* arranr om*>nf 
of beams shown in Figure 4 will lie ttonomirnl 

Design of Rial* 

For a continuous span of 6 fret f, lnrh*'i the tofaf live load bonding 
moment will bo midway l»etwcon thoso for & and tl b '-l in TuMn fV f f . !l(7lfl 
inch-pounds. A slab of 7 inches thickness will be safe for Ibis Hlinlfnrls 
the cantilever projection of 2 feet (J inches will have the same nmttfnUtfl 
bending moment an a 5 feet slab viz UlM'J mr h-pounds A 7 IntdiM tlifel:- 
ness is therefore safo for the cantilever portion aho 

Design for Helled Rtf el Hearns 

Clear span ,..25 font 

Assume hofttn ...20 inches hv (rj InMiei at lift pounds per f (||J|dflg /(ltd. 

C/Tcctim fifarr.,.27 fo^t 

Dead lead bending nuiteMil 


Weight of slab por tupiare font ... p | pound* 

Weight of wearing eoat per fci|MUn fuel 11( lift pounds 


Total in 

Weight of beam *= C5 pounds j*or twining 

Total weight carried 

byonotaim =27 X119X6J ~ 

Weight ot beam = C3 X 27 


1 1*1 pound* per fcijllslh bud 
feel 


IVr.iMi pounds 
IVMI 


Total * IWIfel p -unds 
19350 x 27 >■ I'J 

Dead load bending moment “= - 8 

*=776000 inch pound* *=*315 Inch Ion* 
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According to para D. 25 (a) on page 110 of the Indian Eoads Congress 
Standard Specification and Codes of Practice, n should not exceed twice the 
appiopriate permissible bond stress which is 100 pounds rule page 89 of that 
book. As 113 pounds is less than twice 100 pounds, the slab is safe for 
bond stress too. 

It will be seen fiom Table III that a slab of 7 inches thickness is 
subjected to a bond stress of 192 pounds. As a greater part of the shear 
is due to knife edge load which will be 9 tons for a span of even one foot, 
it is clear that to keep the bond stress within permissible limits, any 
thickness less .than 7 inches will not be safe for shear and bond stresses, 

A detail of the slab foi ten feet span has been shown in Figure 3. 

8. Slabs for continuous spans . — It is frequently necessary to build 
bridges of multiple spans using continuous slabs. Table TV gives bending 
moments for live loads for intermediate spans and end spans. For purposes 
of easy calculations, bending moment for intermediate spans has been taken 

us and that for end spans as 
, 10 

Take for example 10 feet span. 

Effective span too is 10 feet. 

Intermediate span. 

Bending moment for distributed live load excluding 50 per cent impact 
per foot rriath = x inch . poMd , 

= 15230 inch pounds 

Bending moment for knife edge load per foot width 
= 6X2240X10X12 
10X6 

= 26880 inebrpounds. 

Total = 42110 inch-pounds 

Adding 50 per cent impact this amounts to 63165 inch pounds. 

A reference to Table II will show that a slab of 8 inches thickness has 
a moment of resistance of 69500 inch-pounds. 

Assume a slab of 8 inches thickness. 

Bending moment for dead load — ^ inch -pounds 
= 13100 inch -pounds 

Total bending moment = 76265 inch pounds 

Therefore a slab of thickness 8^ inches with a resistance moment of 
80600 inch pounds will suit. 



End Span. 

3?or an end span the total bending moment will bo 76265*4 ==93518 
inch pounds. 

A slab of thickness 9 inches w|th a resistance moment of 92500 inch 
pounds will therefore suit. 

Average live load per square foot has also been derived in this table 
from the total combined bending moments These results have also been 
shown in a graphical form in Figure 2 

9. Reinforced conn etc stab supported on Rolled Steel Beams.— It will bo 
seen from Tables II, III and TV, that bridges upto 15 feet span simply sup- 
ported and 20 feet continuous spans can bo economically constructed using 
reinforced concrete slabs. For bigger spans it becomes necessary to uso 
beams either of steel or reinforced concrete carrying timber, steel or reinforced 
concrete flooring It is howe\cr now usual, as well as economical, to use 
reinforced concrete for tho flooring. A combination of rolled steel beams 
and concrete slab therefore is a handy and convenient method in most cases. 
Designs have therefore been worked out in Tablo V for rolled steel beams for 
spans from 10 feet to 40 feet. Take for example a clear span of 25 feet 
between supports. For a clear roadway width of 20 feet the arrangement 
of beams shown in Figure 4 will be economical. 

Design of slab. 

For a continuous span of 5 feet 6‘ inches the total live load bending 
moment will be midway between those for 5 and 6 feet in Table IV t e , 34746 
inch-pounds. A slab of 7 inches thickness will be safe for this Similarly 
the cantilever projection of 2 feet 6 inches will have the same maximum 
bending moment as a 5 feet slab viz. 31582 inch-pounds. A 7 inches thick- 
ness is therefore safe for the cantilever portion also. 

Design for Rolled Steel Reams. 

Clear span ...25 feet 

Assume beam ...20 inches by G| inches at 65 pounds per running foot. 

Effective span. ..27 feet. 

Dead load bending moment. 

Weight of slab per square foot* ... 84 pounds 

Weight of wearing coat per square foot ... 35 pounds 


Total ... 119 pounds per square foot 
Weight of beam ** G5 pounds per running foot 


Total weight carried 
by one beam = 27 Xll9 x 5j 

Weight of beam “ Go X 27 


17G00 pounds 
1750 pounds 


Total *= 39350 pounds. 

19350 x 27 x 12 

Dead load bending moment — - g 

*=775000 inch pounds *=345 Inch ton;. 



Live load bending moment for one beam. 

Bonding moment due to distributed load for 5* feet width 
= s ^g. 5 jl.27 x 27 xig _ 202 . nch tQ08 
10X8 

Knife edge load bending moment 

g JIX5,5x27*12_ =268 inch tons. 

10X4 

Total live load bending moment =470 inch tons, 

Add 40 per cent for impact vide Table I, 

470+180 = 658 inch tons 
say 660 inch tons. 

Adding dead load bending moment, the total bending moment amounts 
to 1005 inch tofis. 

Section modulus for a rolled steel beam safe to carry this bending 
moment assuming 8 tons per square inch as permissible stress for steel 

will be - == 125.6. 
o 

Beam 20 inches by 6i inches at 65 pounds per running foot has a 
section modulus of 122.6 and will therefore be safe. 

Table V gives the designs for rolled steel beams for spans 10 feet to 
40 feet calculated as above 

10. Reinforced concrete T-Beatn Bridges with slab. 

Tako clear span 30 feet. 

Assume spacing of T-Bearas n.3 5 feet 6 inches centres slab 7 inches 
thick and wearing coat 3 inches thick as in case and Rolled Steel Beam 
bridges. 

Assume stem of beam 28 inches by 14 inches. 

Weight per foot run :• — 

SlaAi and wearing coat 119 *5.5= 655 pownda 
Beam 28 inches by 14 inches = 392 pounds. 

Total =1047 pounds. 

Say 1050 pounds. 

Take effective span 32 feet. 

Bending moment duo to dead load = i WO X 8 3 X 83 X 13 _ 

8 

= 1,610,000 inch pounds 

Bive load. 

Distributed load .34 ton per foot run on 10 feet width 
Impact 36 per cent. 

Bending moment = 2210X^^|6X32><32xi_2 

... r i =875000 inch pounds. 
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Knifo 'edge load G tons at contra 

_ G X 2240 X 5.5 X 1.36 X 32 X 12 
10X4 


bending moment =_ 


= 960,000 inch pounds. 
Total bending momont=3445000 inch pounds. 
Now economical depth of a T-Beam 


d= \J 


rM t 
f,b ,+ 2 


Where r^ratto of cost of steel to cost of concrete per unit volume 
in place 

t 13 depth of slab 

b ,=s thickness of stem or web of T Beam 
and d= depth of T-Beam 
Cost of steel * Rupees 16 per hundredweight 
= “ ^ 3 ‘ ^ P° r cu ^‘ c f° ot 

Cost of concrete = Rupee onoipor cubic foot 
Thoroforotr = G9 say 70 

Therefore d-V 7 ^ x3j i^M + ^ 

18000 X 14 ^2 

= ^ 935 + 3.5 


= 31 + 3 5 = 34 5 

malm stem 28 inches so that the total depth =35 inches 
Assume cover =3} inches 
Effective depth = 311 inches 

Breadth of flange of T-Bcam, b=5 feet G inches = CO inches because 
(i) this does not exceed one third of the effective span of the T-beam ttz. 
32/3 feet (ii) the breadth of the stem plus 12 times the thickness of the 
slab t c. 14 + 12 X 7 = 98 inches. 

_ .. . , . M 3445000 

Tcos.lo steel. A. > = c “ *P»™ inches 

Use 3 bars 1} inches diameter at bottom =3 G31 square inches 

Use 3 bars ll inches diameter at top =2 952 square inches 

Total = G GG3 square inches 

From graphs on page 57 of “Reinforced Concrete Bridge Design* by 
Clicttoc and Adams 


k = .2G 
,-.92 



Test for shear. Tho amount of total shear at points 0, 5, 10 and 15 feet 
away from support, 1, 6, 11, 1G feet from the centre of the bearing of the 
beam has been worked out below, considering the beam fully loaded with 
live load between each point and tho far support, as this gives tho maximum 
shear. 


Distance from contra of bearing x— 

1 

6 

11 

16 

Dead load shear 1050 (16— a:)* 3 

15750 

10500 

i 

5250 

0 

i 

Live load uniformly distributed nt .34 ton ^ j 
per foot run for one traffic lane 570 x „ ^ I 
=8.3 (33 -x)- 

8550 

6000 

3560 

2000 

Knife edge load of 9 tons for ono traffic lano 
trx 9 X 2240 X 5.5X1.36. Ix-x 

" * L ”* 10 * 32 

— 471 (lz— ar) *= 

) 

cr> 

© 

o 

12200 

1 

o 

o 

o 

o 

7500 

Total shear 

[ 3S900 

28700 

1 18810 

9500 

T “ ux'Saxw 

95 

65 

45 



TJse i inch diamotcr two legged stirrups for taking tho above shear 
spacing of stiriups = 




3x ,1QG x 15000 X 93X32 
3S90Q 


= 5.5 inches 




q 


X.lQSx 18000 x .92 x 32 
28700 


= 7.3 inches 


g __ 3 X. 196 X 18000 X .92x32 
18810 


= 10 inches 


p - 2 X .196 X 1BOOO X .92 X 32 
“» 9500 


= 10 inches. 


For tho sake of convenience use stirrups 6 inches apart upto 7i feet from 
Support, 0 inches apart upto 12 feet and 12 inches apart beyond it upto tho 
centre. 


Table VI gives sizes of T-Boams and reinforcement for 20, 25, 30. 35 
and 40 fleet spins Beams for other spans between these figures can be easily 

interpolated. -Figure 5 shows a cross section and longitudinal section for a 

30 feet spin T-Beam. 
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11. Costs. — Costs of superstructure of various spans have been forked 
out in Table VII for simple slabs, Rolled Steel Beams and T* Beams 
assuming the following rates for average conditions 

Rolled Steel Beams placed in position Rs 15/- a hundredweight 

Reinforced Cement Concrete in slabs including reinforcement and form- 
work Hs 2/- a cubic foot. 

Reinforced cement concrete in T-Beams (Stem only) including rein* 
forcement and formwork Rs 3/S/- a cubic foot 

From this table it will be apparent that T-Beams are in every case 
cheaper than Rolled Steel Beams. Upto 15 feet span, it is most convenient 
to use simple slabs, though a T-Beam bridge for 15 feet span is a little bit 
cheaper than a simple slab Whero however it is diflicult to construct 
T-Beams due to very high cost of stone and coarse sand, and difficulty of 
formwoik and adequate supervision, Rolled Steel Beams offer a convenient 
mothod of construction. 

12. Substructures —Only tho design of superstructures has been dealt 

with so far. Substructures however form as important a part’ of bridges as 
Biiperstiuctures, but it is not feasible to standardise their designs duo to great 
Variations in nature of subsoil, materials of construction, and heights above 
bed level The term ‘substructures’ is taken to include abutments, piers, 
wjngwnllu and thoir foundations which may bo either simply shallow or' 
consist of wells of masonry or concrote, or steel or concrete piles. Design of 
such structures is dealt i ■ 

have confined myself ii 
piers with open foundati 

bridges arc generally built under such simple conditions, 

Masonry abutments and wingwalls aro designed on the well-known 
Rankine Theory of Retaining walls The “Indian Railway Standard Code of 
Practice for tho Design of Bridge Piers and Abutments" adopted in 193G, 
recommends the following rfafa to be assumed for tho design of' these 
structures. ' • - • 

“Para III b (2) 

Earth pressure on abutments, and return and wing walla: — The liori- 
rontnl pressuro due to tho weight of the earth and surcharge of tho train load 
acting on tho back of an abutment shall be calculated as follows 

Let —angle of repose of tho fill 

h = vertical height of wall in feet. 

h' — height of surcharge in feet - . . 

= 5 feet for abutments and reinrn walls'tn box type of abut-* 
ments. In the ease of splayed wing walls the only 
surcharge to be taken is that due to the earth slope. '• 

P*=* horizontal earth pressure cn a vertical section per lineal foot* 
of wall. 

vr « weight of filling per cnb:c*foot, 
height of “P" above the base. 
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Tl.enP=£wl.(h+21.')-i^£ 

_ h , +3Iih / 
y 3(h+2b'J 

. Abutments and wing walla shall bo designed by taking tho anglo of repose 
yf in tho abovo formula as 45 degiecs pro\ ided that a noto shall ho added to tho 
plans to tho effect that dry stono or brickbats backing with a puddle base and 
efficient drainage shall bo provided. In banks of black cotton soil a section of 
bank of good material should bo put in between tho packing and tho black 
cotton soil. In other cases whero the intention is to use sand or other similar 
material for tho back fill which is not likely to got consolidated, the anglo 
of repose adopted shall be that appropriate for such material. 

Para III b (3) Wind and water pressure. — Water pressure shall bo 
considered in the design of the masonry of piers which are liable to be 
immersed for at least 20 feet above normal bed level. Wind pressure shall 
bo taken into account for bridges of spans of 60 feet and over. 

Para V. Working Stresses — The maximum permissible compressive 
stress on unreinforced masonry shall not exceed one eighth of the crushing 
strength of the material employed. The tensile stress in masonry may be 
permitted upto one-fortieth of the ultimate crushing strength of the mateiial. 
Sound brickwork in limo which has hardened may in the absence of tests 
be assumed to have a crushing strength of not less than 40 tons per square 
foot. Brickwork in cement mortar may in the absence of tests be assumed 
to have a crushing strength of not lees than 64 tons per square foot 

Para VII. Foundation Pressure — For standard designs the maximum 
intensity of pressure on the soil shall not exceed 2 tons per square foot for 
shallow foundations in good soils of a depth of not less than 4 feet In deltaic 
areas such as Bengal the pressure shall not exceed I ton per square foot . For 
greater depths, foundation pressures may be increased by 1 hundredweight per 
square foot per foot of depth. In important cases and in cases of doubt 
suitable testsof the bearing capacity of soil shall be made and the size of 
foundation footings or slabs modified accordingly. 

Para VIII. Combined maximum stresses on Foundation Pressures. — 
The sum of the stresses caused by dead load, live load and longitudinal 
forces (i c. , earth pressure and braking effort or ti active force) shall not exceed 
the limits specified in sections v and vii. The sum of the above stresses 
together with wind and water pressure and whore necessary Seismic forces 
shall not exceed tho above permissible stress by more than 25 per cent 

Para IX. Wing Walls. — Abutments designed with splay wing wails 
shall have a vertical division from top to bottom near the junction of tho 
wing walls to the abutments so as to permit of unequal settlement due to the 
greater intensity of pressure on the abutment foundation.” 

The above assumptions adopted for Bridges on Indian Bail wayr appear to be 
quite suitable and reasonable for adoption for bridges on Indian Boads. h' or 
the height of surcharge in feet however requires to be decided for Indian Stan- 
dard Loading. The distributed load is .34 ton per foot run for ten feet width, 

and Is therefore equivalent to pounds or 76 pounds per square foot. 

Assuming the knifo edge load of G tons spread ever the length of the loaded 


act-fill say on an average about 10 feet, this will reduce to 1Q ~ X 1Q pounds 

or 135 pounds Adding the two, the total is 211 pounds, assuming 25 percent 
Impact this adds up to 2G4 pounds and is equivalent to about 2 5 feet 
height of earth. Considering that the height of surcharge for railway train 
loads which aro much heavier than the heaviest road load is only assumed 
as five feet, two feet six inches appeals quito a reasonable assumption. Designs 
of abutments and piers for Indian conditions have been dealt with in detail 
m Volumo III of the Military Engineer Services Hand Boob, and "Notes on 
the Design of Culverts and Budges” by Mr M G Banerjoo. assuming very 
nearly the data recommended nbovo, and standard types for these have been 
recommended in plates XVII and XVIII on pages 186 and 187 (1925 Edition) 
of tho former and on page 1 18 of the latter These tjpes show abutments 
with vertical as well as batteied fronts. The author prefers the construction 
of abutments with a vertical front instead of a battered front, as tho latter 
requires stepped construction which loobs unsightly on the front face open 
to view. A type design for an abutment based on the aboie assumptions is 
shown in Figure 6 of this paper. Tho widths of abutment at top have been 
proposed in multiples of inches — the width of a brick. To show that the 
type design proposed is safe, a detailed design for an abutment of a T-Beam 
bridge 30 feet span with a height of 20 feet above bed level upto bottom of 
beams has been worked out below: — 

13. Calculations for abutment (See Figure 7). The abutment will be 
of brick masonry in cement mortar (1 cement 6 sand) above bed level, 
and (1 cement 3 sand) below bed level. Weight of masonry is taken at 
125 pounds per cubtc foot. Weight of earth back fill is taken at 100 pounds 
per cubic foot, (vide page 6, Indian Koads Congress Standard Bridge 
Specification). 

Depth of T-Beam with slab =85 inches. 

Depth of wearing coat = 3 inches : 

Total =38 inches. 

or 3 feet 2 inches: 

Therefore, total height above bed level to road surface is 23 feet 2 inches. 
Make depth below bed level G feet. Therefore total height above bed of foun- 
dation is 29 feet 2 inches Depth below bed level being 6 feet is about */»th 
of total height II. Make toe projection 3 feet, and width at base of foun- 
dation 12 feet from face of abutment,) making total width of base of foundation 
15 feet. 

Assume surcharge load ='2. 5 feet of earth filling. 

Loads on the abutment: , 

(a) Dead load due to ono beam per foot run. 

Wearing coat = iV * 140“ 193 pounds 

Slab 144= 4G2 pounds 

Stem of Beam=~|^^ X 144 *= 392 rounds 

Total=l017 pounds. 

Tots! length of Beam «=* 34 feet. 
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Therefore load on ono abutment duo to one beam on b 
width of 5^ feet = 1047 X J7 pounds^ 17799 pounds 
17799 

Therefore load per foot width =*~gj 3240 pounds 


(, b ) Live load distributed per foot width 
.34X34X2240 , 

** 2X10 


=* 1295 pounds 


add impact 3G per cent = 470 pound s 
Total = 

Knife edge load including impact 


9XL 36 x 3210 _ 

** 10 


1765 pounds 

2740 pounds 
Total = 7745 pounds 



Bay, 7800 pounds — 

Weight of back fill 

)X 87)^100-12600 pounds =w, 

Weight due to surcharge. 

Sfx$x 100 = 2150 pounds = w 4 

Weight of masonry and concrete 

(a) Triangular portion 

|x8|xU5 x 125= 15750 pounds -=w 4 

(b) Beet angular portion 

3fx^x 125 = 12300 pounds =w 3 


Total vertical weight is therefore =50600 pounds per foot length of the 
abutment =*F. 

The horizontal distances from the vertical face of the abutment of each 
o.f the above vertical forces are as below, ignoring the toe projection 


W, = 7800 pounds at 1 foot 

W t = 12600 pounds at 3| + 85 X f = 9J f e et 

W s = 2150 pounds at 3f + 8l X £ = 7 “/,» feet 

W 4 = 15750 pounds at 3» 4* 81 X $ = 6} feet 

W 4 = 12300 pounds at 3f X £ = l n / w feet 


The moment of F about the face of the abutment = the sum of the 
moments of its components. 

Therefore, the distance of F from the vertical face 

_ 7800X1+1260Q.X9H-2150X7 1 7„+15750x6H-12300X1% 

50600 • ' - ~ - r ‘ 


*= 5.2 feet, 



By Bankine’s formula 

The horizontal earth pressure for h surcharged wall 

P= j xwh(h+2h0 f^ 

where w = weight of one cubic foot of earth — 100 pounds. 

= i X 100 X 291 X (29$ + 2 X 3j) * + |f° 45 , 

= 8300 pounds 

Its point of application will be at a height from baso according to 
Bankino's formula 

, h a 4- 3hh' _ (29&)* + 3 X 29t X 7, 

3(h + 2h') 3(29* + 5) 

== 10.4 feet 


The resultant of the two forces will pass through a point in the base 
— gQQQQ^ *’.«•» 1 7 feet from line of action of tho vertical force F towards 


the vertical face of tho abutment, which is 5.2 — 1.7, i c , 3.5 feet from the 
vertical face or 6.6 feet from tbo toe. This point is within the middle third 
of the base and its occontricity from the centre is only 1 foot (7 5 — 6 6). 
The above result is also Bhown graphically in figure 7 where 


mn= F — 50600 pounds and nq = P = 8300 pounds 


R =*51300 pounds and intersects tho baso 1 foot beyond tho centre i.e , 
within tho middle third and thus satisfies tho condition of 
stability against over-turning. 


The stability of tho abutment should also be investigated with no 
live load on tho bridgo and no surcharge on the fill over tho back of the wall 
but with the assumption that the train of vehicles has just reached the point 
just where tho fill over tho wall ends ; in this case tho weights are as 
below : — 


W, = 3240 pounds at 1 foot 
\Y» =* 126QQ pounds at 9i feet 
W. = Nil 

Wi = 15750 pounds at 6i feet 
W i = 12300 pounds at l"/n foet 
Total F = 43S90 pounds acting at 

3240 X 1 4-12600 X 9* -f 15750 Xfij-}- 12300 Xl”/,, 
43890 

« 5.5 feet 


Horizontal earth pressure and its lino of action remain the same. 

Tho resultant R in this case will pass through * u , 2 feet 

away from the line of action of the vertical forces or 1 foot from the centre 
of the base which is tho same point through which the previous result- 
ant R intersects the base The abutment is therefore safe under this 
condition too. 



Prossdro on foundation, (Vido Military Woi ks Hand Book ' Volume HI 

pflgo 23). 


The averago pressuro on tbo foundation 

P a ~ B 1 t = 5QfflQ .=: 337O pounds per square foot. 

Po ~ The difference in pressure at the toe and heel due to eccentricity 
e of the resultant B 


^ 6 X P x e , 6 X 50600 x 
P<5 *"* (B + T)* 15 X 15 


1350 pounds. 


Maximum pressure at toe = 3370 4* 1350 = 4720 pounds per square foot. 


Permissible pressure is 2 tons and 2 hundredweights i.e., 4704 pounds 
because the foundation is G feet below bed level. Therefore this is just safe. 

Maximum pressure at heel = 3370 — 1350 
2020 pounds per square foot, (safo) 

Stability against sliding. 

For masonry on earth the co-efficient of friction is .40. 

Therefore the frictional resistance of tbo wall against sliding 
= 50600 X .4 = 20240 pounds 
Sliding force = 8300 pounds 
20240 

Factor of safety ~"q 3 qq' = 2 44 
Which is quite sufficient 

As the resultant lias within the middle third of the base, and the maxi- 
mum pressure on the foundation and the resistance to sliding are satisfactory 
the design is suitable 

The design should however also bo tested for its stability along bed 
level A, (vide Figure 8). 


Horizontal Barth pressuro P=| X 100 X 23j X (23i + 5) X .17 
= 5474 pounds. 

This acts at a % 23 ‘ ** = 8.3 feet above 

o \tio + 5) 

the bed level 


The vertical forces arc as below : — 

Wi = 7800 pounds at 1 foot 

Wa = backfill = |xyx 23^X100=8050 pounds, acting at 
3£ + 7X3 t c . at 8* feet. 

"Wa = weight due to surcharge 

a 7 X 5 X 100 = 1750 pounds acting at 61 feet. 

VJ, = weight of masonry triangulai poition 

= i X 7 X 23j X 125 = 10060 pounds acting at 
31 + 7 X i i c. at 5H feet. • • 



W s = weight of rectangular portion of masonry 

= 3| X 23, V X 125 — 9950 pounds acting at 1JJ feet. 
Therefore the distance of the total veitical force F from the ret tic'll face 
_ 7800 x 1 + 8050 X8?V + 1750 x c£ + I00G0 X 5j,J 4- 9350 x lH 
37510 


= 4.3 feet 


The resultant It of P and F will i ss thiough ^ f PP t , . i n 

37510 Ieei ' ie •• i 2 3 * 5 - 

feet a wav from the line of action of the vertical forces u, 43— 12 = 31 feet 
from the vertical face 4s the width of base is 10J feet at bed level, and 
the resultant intei sects it at very nearlj , its one thud and w ell within its 
middle half, this is safe against overturning 


Pleasure at bed level. 


Average pressure 

n ~ 37510 nn.n j 

1 * 3040 pounds 


eccentricity = 2 


Pr = 


0X37510X2 _ 


- = 4240 pounds 


103 X 103 

36^0 4^^fi 78jfi 

Therefore maximum pressure at toe =: 35 m + 4656 = 7630 pounds 
= 35 tons which is safe. 


The design of the abutment is therefore safe considered from every point 
of view. The type design recommended will therefore suit for all spans and 
depths. 


For piers nnd wing walls, tho typical designs shown on pages IfiSand 187 
of Military Engineer Services Hand Book Q itth Edition 1925, Volume III 
(Hoads', referred to earlier, aio verv suitable, and should he adopted. 
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TABLE I. 


Table show inn impact farter for <tpnm uptn f t 0O feet fm 2 lai le* of traffic 

r idfpaia 6. 


Span 

Impact factor 
per cent. 

Span 

Impact factor 
per cent. 

• 2 

HR 

30 

■ 30 

4 

G4 

32 

• 35 

G 

i GO 

34 

34 

8 

57 

3G 

33 

10 

54 

38 

32 

12 

52 

40 

31 

14 

50 

50 

27 

' ' 1G 

47 

75 

21 

18 

45 

100 

17 

20 

43 

150 

12 

22 

42 

200 

9.4 

24 

40 

300 

GG 

2G 

39 

400 

. 5 

28 

37 

500 

4.1 


Note — Maximum permissible impact factor is 50 per cent. 
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TABLE It. 


'Resistance Moments of Reinforced Concicie Slabs. 


Stress in concrete 

fc ** 750 pounds poi squaie inch 


Stress in steel 

U « 18000 „ „ --- _ - „ 


’ Co -efficient 

R 13? 

- 

Percentage of steel 

li - .0089 


Moment of Resistance = Kbd whoio 


effective depth 

d »= total depth, t minus lj inches 


breadth 

b = twelve inches 

- 

Area of steel 

A* = plxl 



IJ ; 

2 £ « 
ifl 

jJx'" 

*3 « Jf 
*» a*?'”’ 

IfSl 

Sfa e. 

=,£<« 

£ Tl. 1 

II sj 

Mam Steel 
Kara proposed 

t „ 

i. 

Distribution 

steel 

Bars proposed 

ni 

- Ji c 

l a. “ - 

o 

1 

2 

3 

4 1 

5 

G 

7 

8 

7 

5$ 

49100 

0 59 j 

1 in diametei 

0 60 

h in diameter 

84 




at G in centres ■ 


at 10jin centres 


7! 

G 

59200 1 

0.64 

5 in diameter j 

0 67 

5 in diameter 

90 


1 


at 5$ in. centres . 


at 9$ in centres 


8 

6$ 

GO 500 

0.7 

i in. diameter 

0 74 

2 in diameter 

9G 





at 5 in centres 


at 9 in centres 


61 

7 

806U0 1 

0.75 J 

£ in. diameter 

074 

j £ in diameter 

102 




at 5 in centres 


I at 9 in. centres 


9 

-71 

92500 | 

08 j 

1 in diameter 

0b2 

j ?! in diameter 

108 




at 4$ in centres 


1 at b in centies 


01 

8 

1U5300 

0 80 ] 

1 & in diameter 

0 92 

s m diameter 

111 




at 4 in centres 


at 7 in centres 


10 

8$ 

11 8000 

091 

J in diameter 

O '.'2 

b in diameter 

120 




at 1 in centres 


at 7 in centres 


101 

9 

1330UO 

0 06 i 

% in. diameter 

U.'rti 

$ in diameter 

12G 



. 

at 5} in centies 


at 12 in centres 


11 

9$ 

148000 

101 | 

if in. diameter 

1 IP» 

$ in diameter 

132 





at 5 in centre* 


at 1 1 in centre* 


in 

1 10 

161100 

107 

5 in diameter 

1 06 

$ in ammeter 

138 




i at 5 in centres 


at 11 in centres 


12 

10$ 

1810UU 

1 12 

5 in diameter 

1 1: 

$ m diameter 

144 





at 4| in centres 


at 10 in centres 


12$ 

11 

1900u0 

1 17 

5 in diameter 

1 Is 

} in diameter 

150 




i at 4$ in centres 


at 10 in centres 


13 

11$ 

210000 

1 CJ 

2 in diameter 

1 33 

1 in diameter i 

1 156 





at 4 in centres 


at 8$ in centres 1 


13$ 

12 

237000 

1 IS 

5 iu diameter 

1 iJ 

$ in diameter 

ica 





at 4 in centres 


at 8$ m centres ■ 

X 

14 

12} 

236000 

1 33 

J m diameter 

i j; 

J in. diameter 

i'.' 





at 4 in centres 


at b$ in centre* 


14$ 

13 

27:000 

1 39 

i in diameter 

1 41 

$ in. diameter 

171 





at 5 in centres 


at b in centres 


is 

13! 

208UU0 

1 41 

, i in d anicter 

; ui 

j in diameter 

1 




1 at 5 In centre* 


at S in centre* i 




Devon of mnphf \ujipoited '•labs fat sjKms 4 feet to IS feet for Indian 1 loads Conares ? Slandaid Loading and wearing 
coat of three inches thick cement concrete. 
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TABLE IV. 


Bending moments for live load for continuous and semv-conttnuous sfa&s 
spans 5 feet to 20 feet for one foot tcidthfoi Indian Standaid loading . 


Span. 

°Bending 
moment for 
continuous 
span 2^ 
in inch 
pounds with- 
out impact. 

| 

Impact f 
factor ! 
per cent, 1 

Total 
Bending 
moment 
including 
impact in 
inch pound. 

Beudiug 
moment for 
end spaiis ^ 
in inch pound 
including 
impact. 

Average live 
load per 
square foot 
including 
impact. 

1 - 

5 

21055 

50 

31582 

37899 

1260 

G 

252GG 

50 

37800 

45478 

1050- 

7 

29477 

50 

44215 

53059 

905 

8 

33688 

50 

50532 

60638 

790 

9 

37899 

50 

56848 

68218 

700 

10 

42110 

i 50 

63165 

75798 

630 

11 

•16321 

j 50 

69181 

83377 

570 

12 

50532 

1 50 

75798 

90957 ' 

525 

13 

51743 

00 

82111 

98538 

485 

11 

53951 

50 

88131 

106117 

150 

13 

(.3165 

50 

91747 

113697 

J20 

1G 

67 37 6 

17 

1 99033 

1 ISS39 

3.86 

17 

71787 

1 47 

• 105528 j 

126633 

361 

18 

7599S 

45 

110197 

13223G 

310 

19 

80209 

15 

1 11(5303 

1395G4 

320 

20 

81420 


120731 

141SG5 

300 


* Bending moment duo to distributed load 
- 68 X5 2, ° x ^ = 1523L 


Bending moment due to Knife edge load 
^ fixgjjQXLx 12 
lt)xf, 

- 1211L 


* CtW>I. 


lctil 





cement concrete 3 inches thick. 



Inches thick Rem foiced cone, etc dab and a war, nr, 
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TABLE VII. 

Compni alive cats of Supet struct me of bntbjcs of spans fiom 10 feet to JO feet. 


Cost of Beam Bridges in Rupee?, 
Superstructure (Plab and Beams only). 


Span 

in 

feet. 

simply 
supported 
slab in 
rupees. 

! Cost of 
| stab. 

Cost of 
four 

It. S. 

Beams 

Cost of 
four T- 
Beams. 

i Total 

J Cost of 
| R S. Beam 
| Bridge. 

Tot at cost 
of T-Beain 
Bridge. 

i 



Hs | 

Its 

Rs. 

1 

| Rs. 

1 Rs 

1 

10 

| 450 

300 i 

200 


1 500 

j 

15 | 

820 

420 

400 

320 

820 

740 

* 

20 j 


550 

050 j 

510 

1200 

J010 

25 i 


TOO 

975 i 

810 

1G75 

1510 

30 ] 


830 

lClOO 

1250 

2430 

2080 

35 1 


950 

2200 

10)0 

3150 

2fi00 

40 j 


1 100 | 

.3000 

2300 | 

4 100 j 

3400 
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DISCUSSIONS ON PAPER No .T. 


Mr. Brijmohau Lai (Punjab) : — Ona of the objects of the Indian Roads 
Congress as laid down in its Memorandum of Association is to promote 
the use of standard specifications and to piopose specifications. With this 
in view, three very valuable papers Nos. 2G, 27 and 28 weie presented At the 
second meeting of this Congress held at Bangalore in January 15)38, deal- 
ing exhaustively with the standmd loading and design of highway bridges 
in India with special leference to the design of cement concrete bridges As 
a result of discussion of these papers at the session it was lesolved that the 
Council be instructed to take all necessary action to enable them to re* 
commend standard loading, allowance for impact, essential specifications, 
permissible stresses etc. to be adopted by the Congress for bridge designing. 
Eventually the Congress published ‘ Standard Specific ition and Codes of 
practice for Road Bridges in India' in 1037 I am not aware ns to how far 
tbo various Provincial and State Governments have yet nccepted theso 
standard loadings and specifications, but it is expected that sooner or later 
the Indian Roads Congress standards will be adopted everj where in India In 
the paper that I now have the pleasure to introduce before > ou nn attempt 
has been made to go ft stop further and propose standard designs of Rein- 
forced Concrete Bridges of short spans upto 40 feet based on these Standaid 
Specifications and thus to put the latter to practical application. Tbo 
design of reinforced concrete structures is a long process requiring a lot of 
time, and while it is possible to individually design bridges of long span 
which are built,only occasionally, it appears necessary to have type designs 
for bridges of short spans which are frequently required to be constructed, 
and for which it is not possible to find time for designing individually 
Typo designs have, therefore, hoen woikcd out in this paper for bridges up- 
to 40 feet span. This paper is only in the form of spade work and has been 
wutten merely to invite the attention of the members of this Congress to 
tho problem I shall, thorofore, ho vory grateful for your valuable criticisms 
and suggestions for improvements on tho designs, and the various graphs 
and tables in the paper It is intended to revise the designs in the light of 
today's discussion on tho paper, and it is hoped that the Congress will then 
consider it fit to bo published in the form of tv pe designs for general refer- 
ence. There are, however, cei tain l>oints in the paper which I would like 
to bring to >our special notice 

In accordance with para I) 22 (c) of tho specifications, the distribution 
reinforcement in slabs lias been kept ns 20 percent of the main tensilo 
leinforcoment. It l«, however, brought to notice that the Ministry of 
Transport has suggested the distribution steel to he 40 percent of main 
reinforcement for 4 feet sj’an n«ing to GO percent f«.r 10 feet span 
limiting to .5 square inch j>er foot The distribution reinforcement proposed 
m the piper 1 1 it Table 1 1 u as low as 12 square inches per foot The 
opinion of the members of the Congre*s will be appreciated on this joint 


In table IV in calculating bending moment for continuous spina, I 
have assumed it as — pp for intermediate spans and -y— for end spans for 

the sake of siniplicitv* In ease oflong bridges with a remberof ecnticco'V 
spans, it would eertainlr he worthwhile to compute bending moments and 
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shears from the theorem of Three Moments, as discussed by FIool in Yol. II 
of ft is Rein fenced Concrete Construction. 


In the latter part of the paper, an attempt has been made to standard- 
ise the design of abutment, piers and wing walls. Standardisation in this 
respect is very difficult owing to the large number of varj ing factors in- 
volved. Special attention is invited in this connection to para Till on 
page 12 (j), in which the foundation pressure has been assumed as 2 tons per 
square foot This appears to be on the higher side and deseives consider- 
ation at this meeting. 


In the end I must thank Mr- Jagdish Prasad, the Secretary of the 
Congress for the p\ins that he took in correcting the proof of the paper 
abounding with mathematical figuies and foimulae. 


With these few words, I have great pleasure in introducing my paper 
to \ ou for discussion 

Rai Bahadur S. N. Bhaduri (Chairman) : — The Paper is now open 
to discussion. 

Mr. Jagdish Prasad (Government of India) We should be very thank- 
ful to Mr. Brijmohan Lai for the pains he has taken in showing ihe actual 
application of the Indian Roads Congress loading to the design of short 
span bridges There are certain features of design which, however, call for 
comment 

In paragraph 2 on page G (]), the Author says that slabs less than 7 
inches thick are not safe for shear and bond stresses.^ This is incorrect If 
instead of using t-inch bais at Cinches centres, 4-inch bars are used at 
closer spacing, the strength in bond would be appreciably increased. For 
a cleai span of 3 .feet, a 6-inch slab will be found quite suitable Its parti- 
culars will be . — 


Depth to centre of steel 
Oreivll depth 
Reinfoicement (main) 

Reinforcement (distribution) 


= 4.6 inches 

— t) inches 

= 4-inch diameter bars, 4 
inches centres. 

= I-mck diameter bars, o 
inches centres 


On page 7 (j), under "Design of Slab”, the Author says, "Similarly the 
cantilever projection of 2 feet 6 inches will have the same maximum bend- 
ing moment as a 5 feet slab, namely 31,582 inch-pounds". The calculations 
which follow will show that the Author’s assumption is wrong. The 
maximum bending moment comes to 73,812 inch -pounds * «-, more than 
double of what the Author has assumed. The thickness of the slab at the 
cantilever support should be 8 inches and the area of steel 0.693 square 
inch per foot width. In order to avoid piactical difficulties in increasing the 
thickness of the slab at the end supports, it is advisable to increase the 
spacing of R. S. Joists- It will be found that a spacing of 5 feet 10 inches 
will be suitable. Then, a slab 7 inches thick can bo provided throughout- 
The cantilevers will be 1 foot 9 inches instead of 2 feet 6 inches long, 



allowing the thickness of wheel heibs as G indies which is ample. A tnoro 
satisfactory method of filing the railing posts to herbs is shown below. 



The Author has taken the safe wcthicg stress for steel joists as b tens 
per square inch, hut it should be 7$ ton* per square inch, ri if ps^e led. an 
Itoads Congress Codes of Practice- 
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The Author has not given a full cio*s section of a T-heam bridge 
While the spacing of T-bcains at 5 feet G inches centie to centre may be 
s itisfactory for spans upto 30 feet, it is jiofc economical for spans beyond 
32 feet- In large spans, it is more economical to use 3 ribs instead of 4 for 
a 20-feet load way bridge- 

On page 30 (j), figuio G, the bottom of foundation is shown as -jp feet ’ 
below bed level. This is likely to create misunderstanding because the depth 
of foundations depends on the depth at which soil suitable for foundations is 
met. The words "Bed Level” should be, therofoie, deleted from the diagram. 

In all cases wheio foundations have to be taken down to a depth of— feet or 

moro, the abutments should bo designed in accordance with figure G, irres- 
pective of the position of bed level If it is not necessary to take the founda- 
tions down to-rfeet below bed level, for example, in the case of a stieam 
having a rocky bed, the toe projection may have to be reduced or dispensed 
with. 

In the light of the above remarks I think, the word 'Make' in line 12 of 
para 13 (page 13, j) may be substituted by the word "Assume”. 

There are so many pitfalls in the design of bridges that it is vetv 
necessary to have type designs which the younger engineers, on whom falls . 
the brunt of carrying out designs, may be able to refer to, and it is here that 
the Roads Congress can assist- 


R. S Beams wii n R. C Slaps 


Design of cantitevet slab. 

Effective span 2J feot for dead load and 1} feet foi live load. 


(i) Bending moment due to distributed live load 
_ WL __ 0-68 X It X 2240 _ 


1332 foot pounds. 


(») Bending moment duo to concentrated live 
load at the end of cantilover 

— WL=0.6 X lj X 2240 = 2350 foot pounds. 

(m'i) Bending moment duo to dead load of 
R. C. slab 


= ^p = (2}x£fX 144)=p = 2G2 foot pounds 

('f) Bending moment due to dead load of 
wearing coat 

= (It X tt X 140) X If X } =54 foot pound* 

(0 Bending moment-due to dead load of 
parapet 

= \YL«= { T S x J £ x 144) x 2 J 


287 foot pounds, 
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(u) Bending moment due to railing weighing, 
say, 10 pounds per running foot 

=WL= 10X21 — 2 5 foot pounds. 

4310 foot pounds. 

Impact allowance 50 per cent on 

live load, Bending moment =1 841 foo t pounds. 

Total Bending moment =6151 foot pounds. 

— 738 12 inch pounds 

Depth of slab to centre of steel 

d = 024G v'73812 
— G 5 inches. 

Over-all depth of slab = 6 54-15 
= 8 inches. 

Area of steel requited As = pXbxd 

= 0089 x 6 5 x 12 
*=* 0.093 squaie inch 

Hai Sahib L. Fatehchand (United Provinces)- — I cotigiatuUto the Au- 
thor on the very groat labour ho has put in in bringing out tins pipei I am 
only here to get information from the Author on certain points. These 
are : — 

"What height and what typo of railing docs the Author consider best 
suited to the bridges of this type 0 
What reinfoi cement does ho consider to lie nocossar} for reinforced 
brick railing and whether ho would connect the rcmfoiccmcut 
of the railing to that of the bridge nt ceitnin points 0 
What will bo the weight of tins railing 0 

What allowance has tho Author mnde foi this vxtia weight of tho 
railings in his calculations for tho reinforcement of the canti- 
lever? 

On page 7 (j), tho Author eajs "tho cuitilevcr projection of 2 feet 
G inches will have the same maximum bending moment as a 5 feet slab' 

I ffnnfc in designing the cantilever wc shall afso have to take into account 
tho weight of the railing to be built on the cantilever especially if this hap- 
pens to bo a masonrj railing 

What thickness and what kind of wearing coat doe, the \utl or sug- 
gest to bo given for bridges over kutcha and pucca road, re-i<ecti\t.Iv ' I>oes 
he consider n cushion to bo nt nil nece-snij l>etweeii the »Uh and the wear- 
ing coat? What t> po of w heel guards doe*; he rccoinnctd if of It S , 
Joists, or of L or T- iron or of 11. C . and to what c t pt!i will fie take this 
below the road surface - ’ Would he like to fill up the web of the It b learn, 
cam in- the road wav, with cement concrete and if io what l'e'c»n , »ge ecu- 
notny roughlv will lie made thereby in ile>v | “-> » n h ** Jo.«: of compa- 
ratively Miialler section than what would have l*c:i cert-an in ca-e the 

It. 8. Joist had not been so treated with ecu cat concrete ’ 
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ofR- 


., eJJ , eut for tho expansion and contraction 

p je5 1,0 BOMW*^ a “ d ,f S °' ° V81 ' "' liat 

. s he » IU3 suggest to prevent bump at tlio junction of 

What dooa tb# •*» with the load on bank’ Does lie consider 
the puce* r£>at ^ al c o'?ary to prevent scour on tho down-stream side in all 
j.ttohine « b ° 

c!,s,e5 . . jjgpth of abutment foundations does bo consider curtain 

Up to « ha ? What depth will ho give to tho masonry foundations 
nulls tub® n j C « S j n g.wnns on the down-sti earn side in cases where there is 
of ourtmu an ^ |n | eV aIs, within a few hundred feet and when it is not 
„n oscossiva limit of the correct level due to continued slope for 

t >0S3! bio to 

ratios together? 


These are some of tho points on which I would seek the advice of tho 
Vuthor as much as he can find it possible to give in his reply. For tho pie* 
at ton of cement and sand moitar for work above bed level, I think a pro- 
portion of 1 to 5 to be more suited than 1 to 6 to make an allowance for 
tho different kinds of streams, due to workmen, cuttings and the sliding of 
girdeis over it and, not unoften, the flooding of the river during the course 

of construction. 


Mr. M Mahapatra (Cuttack) —Figure 3 at page 27 (]) suggests the 
bending up of alternate mam tensile reinforcements and provision of 
additional top lemforcements to take up tho negative bendiug moment at 
supports By this the strength of main tensile reinforcements is reduced 
to half and the bond stress is affected considerably. In an ordinary 
bridge, tho R. G Slabs are not built into masonry. Earth filling, soling 
and metalling form the loads on the ends- These slabs can not be 
consideied ns fixed. Further, when the filling and soling etc. are removed 
from tho ends, tho slab acts as a freely supported one. In such cases 
it seems desirable to continue tbe main tensile reiu forcemeats upfco the 
awd to provide additional top reinforcements extending to a distance 
of 1/3 of tho span from the supports These top reinforcements should be 
designed to be sufficient to withstand a negative bending moment equal to 
half of the maximum positive bending moment at tbe centre of tbe span 


Covering conciete for slabs lias been kept as 14 inches. As the 
covering concrete does not give additional strength to reinforced 
structures, the minimum cover necessary, in my opinion, should not be 
move than one inch when tbe aggregates used are 4 inch to * inch size. 

With regard to Page 12 (c) paia IX ol the paper, Wing- Walls, it will 
bo observed that for computing earth pressure against wing-walls, tho super- 
imposed knife-edge load of G tons has been assumed as distributed over an 
area of 10 feet X 10 feet or 100 square feet, irrespective of the height of 
the wall. It is not clear how the load can affect such an area- The 
pressure exerted by backhti against a retaining wall is due to the sliding 
“ ■" i ' irtional to the height of the wall. 

‘ ^ ' e equal to the height of the wall 

‘ 1 ■ placed acioss the length of the 



wall within a distance equal to the height should be taken int6 
consideration. Taking the angle of dispersion as 45 degrees and the 
height of the wallas H feet, the knife-edge load will spread over a width 

of " ^ feet along the length of the wall on the plana passing through 
the centre of gravity of the triangular prism This gives an additional inten* 

. in x H . 2016 

sity of pressure °f jj ^ «t tons » or — pounds per squaro foot and an equi- 
2016 

valent height of sui charge of feet when w is the weight of a cubic foot 

wll 

of back-fill This shows that the equivalent height of surchaige duo to the 
knife-edge load varies as the height of the wingwali and is inversely propor- 
tional to it- I would request tlio Author for further discussion of the point. 

Sketch. 

Knife-edge load. 
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Mr. A. Nageswara Ayyar (Madras): — I should like only to touch on 
one point In tho case of small slab bridges, the concent! ated live load 
bears a very large proportion to the total load. The common assumption 
made in desiging tiiese slnbs is that this concentrated load is distributed 
over a ceitain width "on each side of the load. When the load comes to tho 
end the slab is only on one side and the area of distribution will he viitually 
one-half of what it will be if tho load is in tho centre. Hence the thickness 
of tho slab at the end will ho considerably more than at the centre. This 
can he provided for either by increasing tho leinforcemcut or what is better, 
to design the wheel-guard as an inverted beam to give the lequired 
stiffness at the end. This factor is very impoitant and is often ignored in 
the design of slab culverts. 

Mr. K. X. Nambiar (Mangalore) : — The Author has stated in his paper * 
that to keep the bond-stress within safe limits, the minimum thickness of 
tho E. C- Dock should be seven inches. This has already been reniaiked to 
be incorrect as by using laiger number of rods of smaller diameter tho bond- 
stress could he kept within safe limits. However, to resist the local effect 
of concentrated loads, it is generally considered safe not to reduce tho thick- 
ness of tho deck to less than seven inches- 

Refening to page 9 (j) of tho Paper, the Author has worked out the 
aiea of tensile steel required as 

A* = jinr " G .06 squaie inches 

Using 3 bais li inches diameter at bottom = 3 681 square inches 

and 3 bars 1J, inches diameter at top *= 2 982 squaie inches 

making a total of G-G63 square inches 

But as there arc two layers of rods employed, the value of f 8 will bo 
the aveiage unit stress in the tension steel, d being the effective depth of 
the group of rods used. Therefore, the stress in the lower row of bars 

should be separately investigated to sec that it docs not exceed 18,000 

pounds por square inch. 

When one hind wheel of a steam roller is just brushing against the 
curb in the cantilever portion of the deck and the other wheel is in the ad- 
jacent bay there will be heavy negative bending moment over the end beam, 
which has got to bo separately calculated and additional top reinforcements 

provided. 

Mr. A. X. Datta (Calcutta): — I would like to mako a little suggestion 
about tho figure on page 28 (]). Here tho joist has been shown as plain 
joist over which a reinforced cement concrete slab has been placed. What 
wo usually observe is that when a steam roller or a vehicle goes over a 
bridge like this, thcro is always some vibration caused m tho joist, which 
often causes cracks in the slab. So tho better practice will be, in such 
cases, to combine tho joist with tho slab. In that case there will be less 
jarring cm tho slab- Also, tho section of the joist can be reduced. When 
the slab and the jobt will bo bound together with a few stirrups, there 
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will ha combined notion. As such, the section can he leduced, (seo 
figure A). In some cases a little additional reinforcement At will also 
make up for this deficient area, (see figure B). In out standard designs, 
too, it will be a better thing to show the slab and the joist as a combined 
one In that case there will be less jarring. On account of this reinforced 
concrete slab, the strength of the joist on the top also will be very 
considerably increased Personally I have made a lot of actual experiments 
on that line to see how much extra strength we can have by combining n 
slab with the joist For example, I tried an 8-incli X 4-inch joist on 
22 feet 6pan with a 6-mch reinforced brick slab combined in this way; 
that stood quite a decent amount of load. I do not remember exactly but 
it can be seen in my book on Experimental Researches on Reinfoiced 
Brickwork (page 7). In such cases I tried to find out from the Tata 
people if they could roll steel beams with bigger sections of steel at the 
bottom flange and smaller sections at the top flange, (see figure C) 
with the idei. thit such beams cm be used for different kinds of reinforce- 
ment for bridges, etc , in combination with the slab. Of course, they did 
not agree The next thing was, whether we could have similar beams with 
smalter sections at the top and bigger at the bottom with a few strands 
working as stirrups, (see figure D), thereby reducing the amount ol steel 
practically to half. Of course, we could not get that too. There will he 
great economy in steel beams if steel manufacturers in India tike up 
these ideas and manufacture steel beams on these lines 


In any case, in the present case, as in figure on page 28 (j), it 
would be better to combine the joist with tho slab and include a part of 
the joist in the slab, so that there will be better combined action. 
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Mr. H. Hughes (Burma) : — "With reference to diagram 4, pa go 28 {;), 
I would like to enquire how the Author arranged the false work for the cant!' 
levered part of the structure. For the type of bridges on which rolled steel 
beams and a concrete slab are used, it is very easy to fix the false work 
between the rolled steel beams as it can be supported on their bottom flanges. 
For the cantilevered portion this arrangement is not possible but if the height 
from the bed of the stream to the road is not great, it may bo possible to 
arrange suppoits. 

The case to which I refer may be when either duo to the height 
from the stream bed to road being considerable, or duo to other causes, it 
may not bo convenient to fix supports in the stream bed for the cantilever- 
ed section. 

Mr. Brij Mohan Lai (Punjab): — I am very thankful for the valuable 
criticism and suggestions on my paper. 

First of all I shall take up the comments of Mr. Jagdish Prasad. I 
agree with his remarks that for a span of 3 feet, a slab of a thickness of 
less than 7 inches can be made safe for bond-stres3es by choosing smaller 
bars at closer spacing. Ha has also remarked that the maximum bending 
moment for the 2$ feet cantilever in case of bridges with Rolled Steel Beams 
will be as much as 73,812 inch pounds instead of 31,582. I have also now 
calculated it m detail and find that it will be about 25,000 inch pounds for 
which a thickness of 7 inches is sufficient. 

As the width of the R.S Beams is 6 inches or moro, except for spans of 
less than 14 feet, the span for dead load should be taken as 2 feet 3 inches 
instead of feet- The span for distributed live load will be l£ foeb. Regard- 
ing knife-edge load, I am of opinion that only half of the standard loading 
should be taken in the case of 2V feet crntilover, because only the weight 
of half of a vehicle can possibly come on this portion The knife-edge load 
represents the excess in a standard train of the heavy axle over the other 
axles As only half the weight of the heavy axle can possibly b°ar on the 
cantilevered potion, it is quite reasonable to assume the knife-edge load as 
3 tons only. Moreover its points of application should be assumed about 
9 inches from the edge of the beam. Similarly the total distributed live 
load should be taken as only 3.4 tons instead of 6 8 tons, as only half the 
weight of the vehicles can possibly come on the cantilevered potion. The 
detailed bending moment will then be as below : — 


(0 

Bonding moment due to distributed live load 


W L_0.34 X X 2240 „ 

2 2 

571 foot pounds. 

(ii) 

Bending moment due to concentrated live 
load at end of cantilever 
=WL=0.3X*X2240 = 

504 foot pounds. 

(Hi) 

Bonding moment due to dead load 



of R. C. Blab 



=y=(3lxAxm) 

212 foot pounds* 
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(iv) Bonding moment duo to dead load ot wearing coat 

“p=lix,’ 3 xU0Xl?x! = -10 foot pounds 

(v) Bending moment duo to do id load of cuib 

s =WIj=i4x 13 x 144 x H — 253 foot pounds. 

(vi) Bonding moment due to railing 

\VL=10*2l = 22 foot pounds. 

Total bonding moment 1G02 foot pounds. 

Impact allowance of 50 percent on 
live load bending moment 538 foot pounds. 

Total bending moment : 2140 foot pounds. 


The 
Mr. T ’■ 

for v 
more 


spacing of beams as proposed by 


me is, therefore, suitable. 

to kerb 
gives a 


Regarding the safe working stress for steel joists at 8 tons, it was 
assumed so in accordance with table IV page 92 of Indian Roads Congress 
Specification which allows 18,000 pounds equivalent to 8 tons I havo, 
however, no objection to assuming it as 7.5 tons in accordance with tho table 
on page 28, which I agree 13 the more appropriate stress. This chango 
would, however, make lery little differences in tho selected sizes of rolled steel 
beams. 

Mr. Jagdish Prasad has also suggested that, for spnns bejond 30 feet, 
it is not economical for T- Beams to be spaced 5 feet G inches apart. IIo 
has suggested three ribs instead of four. This point may be considered 
when revising typo designs , though I nm hot sure that it will make the 
design more economical. 


’ ’ ' ceitain remarks regarding tho bed 

Tho depth of foundations depends on 
scour, kind of soil etc.. The figure 
H/5 will only hold for ordinary soil. As tho design is only for avorago 
conditions, I do not think that the changes suggested by him are necessary. 
Alterations can nhva^ s be made in the type design to suit any particular 
requirements. 

2 A written communication* - lias been received from Mr. Murarl 
Lai, Punjab, suggesting that slabs should also have been designed for one, 
two or threo feet spans. He has also given detailed calculations for a two 
feet span slab He has al«o stated that slab for the«e span# can be about 
flinches thick. When the type designs are revised, calculations will at«n 
made for those smaller spans. Mr. Murari Lai ii. however, not right in his 
calculations in making an allowarco fer tl e dispersion of the knife 
edge load through the thickness of wearirg coat and the slab. The 


• The** comment* apj'car on pages -IG 0 * (j 1 
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main idea of fixing a kntfe-olge load is that it should he treated as 
a concentrated loid, and should not 1)5 considered to he distributed by 
dispersion. 

3- Mr. Mahapatra has objected to the tensile reinforcement being 
halved at the ends of a simply supported slab. But as the bending 
moment for a simply supported beam is maximum at the centre and 
reduces to zero 'at the supports, it is self-evident that the same tensile 
reinforcement is not required at the ends as at the' centre. Therefore, it 
should bo reduced to half from a point where only half its quantity will 
do This point is at .15 of the span fiom the end. It is necessary 
to bend the remaining half to take up diagonal tension at the ends. 
Some more reinforcement is also given to provide for negative bending 
moments which may be produced duo to the slab acting ns a partially 
fixed beam. 

4 Mr. Mahapatra has also objected to a cover of lA inches of con- 
crete below the reinforcement and has considered it oxcessive In paragraph 
D 16. of Indian Roads Congress Specifications, a cover of 1 inch lias been re- 
commended for mam reinforcing bars from the outside of the bars. The re- 
inforcement bars me not less than 5/8 inch diameter in any case; the mini- 
mum cover should be 15/16 inch, which is only 3/16 inch less than 
inches. Foi the sake of simplicity in work, it has been kept as 1 J inches; a 
cover of 1^ inches is, therefore, not excessive. 

6 Mr. Mahapatra has also objected to the distribution of a knife-edge 
load over a uniform area of 100 square feet for tho purpose of calculating 
the surcharge load. The objection made by him is correct, but it is not ne- 
cessary to be so accurate for calculating the height of smchaige, whose effect 
is very small on the size of the structure From the figures on page 14 (]), it 
will be seen that out of a total vertical weight of 50,000 pounds, the weight 
due to surcharge is only 2,130 pounds Therefore, it is unnecessary to cal- 
culate the surcharge separately for different heights of structures, and as- 
sumption of a uniform surcharge of 2} feet is good enough. 

G Rai Sahib Lala Fateh Chand has asked for a lot of information, 
some of which is outside the scope of the paper, and can he had from various 
treatises on bridges 

The railing should, in my opinion, be about 3 feet over the top of the 
wheel-guard, and generally consist of T-iron standards and galvanised pipe?. 
Masonry railings are a bit too heavy. As already shown in my reply to 
Mr. Jagdish Prasad, the weight of railing has no appreciable effect on the 
design of the cantilever. The wearing coat should be 3-inch cement concrete 
in case of kutcha as well as pneca roads. No cushion is necessary between 
the slab and tho wearing coat. Designator R. S. Beams encased in cement 
concrete hive not been considered in this paper, and in my opinion, cannot 
work out cheaper than T-Beams. A cement raotar of 1 to 6 is quite good 
enough for all work above notmal water level of the stream. It is only a 
matter of choice whether 1 to 5 cement mortar be used or 1 to 6, 

As regards tho distribution of load through the thickness of slab, I 
nave not considered any further distribution of load in tbe paper, as I do 
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not consider it necessary, after having lived tip the standard loading according 
to Indian Hoads Congress Specifications. The distribution rotnfoi cement m 
slabs has been fixed as 20 percent of tho main tensilo icmfoiccmcnt on 
page 102 of the Indian Roads Congress Spcciiicntioiis It is, howcvei, to bo 
brought to notico that tho Ministry of Transport has laid don n a much 
greater peiccntage of distribution steel tide Appendix I (blof Memorandum 
on the Lay-out and Consti notion of Roads. A percentage varjing from 
40 per cent to GO per cent for spans 1 feet to 10 feet, with a maximum of 
0 5 square inch per foot has been suggested thciein foi steel parallel to tho 
supports Shear has been carefully calculated for in tho design for slabs os 
well as for T- Beams- The value of ‘ j ’ for T-Beams has been taken from 
graphs on page 57 of the book on ‘Reinfoiced Bndgo Design’ by Messis. 
Ghattoo and Adams Negative bending moments at supports in simple 6labs, 
and over R S Beams in continuous slabs has been provided for by bending 
up alternate bars of tensile reinforcement and pioviding some additional bais 
m case of intermediate It S Beams Thus provision has been made for 
negative bending moment equal to tho maximum positive bending moment 
over top of R S. Beams Messrs Chattoe and Adams, however, recommend 
the same reinforcement in top as at bottom in slabs in all cases to take up 
all possiblo shear and bond-stresses. This, however, appears excossive. 
Regarding complete influence line diagrams for various positions of loading, 
it is stated, that they do not appear necessary for bridges of short spans. 

Mr Ayyar has referred to the assumption of dispersion of concen- 
trated load. In my paper, however, no dispersion of loud lias been at all 
considered, and, therefore, calculations have been mado for the concentrated 
load in tho worst position. It is, therefore, not necessary eithor to mcrcaso 
tho thickness of slab at the end or design tho wheel-guard as an invorted 
beam. 

Mr. Natnbiar has suggested the calculation of tensilo sticss in tho lower 
la^or of reinforcement bars in T-BcamS to seo that it docs not oxcocd tho 
safo limit. It is, however, pointed out to him that tho tensilo strcsB will 
decrease as depth increases and will, thoreforo, not exceed 18,000 pounds. 
Regarding bis suggestion for calculating end-boam separately for a heavier 
bending moment, it is pointed out that duo to tho standard loading conflat- 
ing of a hnifc-cdgo load and a distributed lond, it is not necessary to 
do so 


Mr. Patta Has pointed out tbatwheroa slab is diicctlv put overall 
R. S. Joist, the joist vibrates due to heavy rolling loud, and the slab rrnrk«. 
No such cracks have, however, so far como to tho notico of tho Author A" 
already pointed out in tho reply to R.u Sahib Lnl.a I'nlch (.'hand, a 
T-Beam is cbcai>orthan R. S Joists etnlicdilcd inconcrete The idea of ’slab 
over rolled steel beams’ construction is c»«o and simplicity in exretitionof 
work without much exjx-nso on shuttering- llml>rd<ling of U S Jnl»tn In 
concrete, however, involves a good deal of expenditure on sluillrtinp 

Mr. Hughes has referred to the dithcnlta of slmttriin ; f,-r tin c*ntl 
bsvere.l portion in ca«e of considerable height from the »tir*m br.t to |b» 
road surface This could easily be over cone 1-y provi huj* an 
lyain of a lighter section at the end* under the wbe« I guatd foi | i f 

shuttering which could be removed after the mati.nr t f c, nrnte 
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I agree with the objection of Mr. Ragbavachary that in case of slabs 
upto 10 feet span, the bond-stress at the ends would exceed the limit of 
200 pounds, as half the rods are cranked. It is, however, necessary to 
change the number of rods for spati9 4 feet to 6 feet only, as suggested by 
Mr. Ragbavachary. For spans bigger than 6 feet, the bond-stress would not 
exceed 236 pounds which may be allowed. Hool has permitted an excess of 
as much as 33 percent over permissible unit bond-stress at ends of beams 
where other rods are bent up vide page 120 of Volume I of his Reinforced 
Concrete Construction (1917 edition). 

There appears no objection to crank each rod at one end, and keep it 
straight at the other end placing them alternately with straight and 
bent ends. Regarding continuous spans, it is stated that bending moments 
for interior and end-spans only have been calculated The required thick- 
ness of slab can be chosen for each particular case. There is no doubt 
that it is decidedly convenient to use the same thickness of slab for all 
spans. 


In case of T-Beams a suggestion lias been made by him to increase 
the fillets to G inches X 6 inches It does not appear necessary to do so, 
as the effective span of the slab must be taken as between centres of ribs in- 
stead of as the clear space between them, so that the slab may be designed 
as continuous. The cantilever portion is already safe with thickness as 
7 inches without support from fillets. Negative bending moment has been 
provided for at the supports by bending some end-bars It is regretted that 
calculations for bond-stress were left out for T-Beams. It will not, how- 
ever, exceed the permissible limit It has been suggested that the width of 
the rib could be reduced to a limit which would allow the permissible spac- 
ing of rods. But if breadth will be reduced, shear will increase. It is, there- 
fore. not advisable to reduce the breadth of ribs. The points of bending 
of reinforcement bais in T-Beams as shown in figuie 5, are applicable to all 
T-Beams. This arrangement has been taken from the recommendation 
made in Military Engineering Services Hand-Book. It will certainly, how- 
ever, be better to calculate the points of heading correctly for each span. 
Mr. Raghavach ary is thanked for his going through the paper so caiefully 
and suggesting very useful amendments. 

The members who have contributed to the discussions are again thank- 
ed for the trouble taken by them and making such useful suggestions. 


CORRESPONDENCE 

1. Comments made by Mr. Moran Lai (Punjab), by post on Paper 

No. J, 

Although the calculations involved in the design of the Reinforced 
Concrete Slab become simple enough as soon as the arrangement and inten- 
sity of loading is made known, yet the efforts to compile a handy table of 
useful data for tho construction of small span cuh erts entail quite a good 
deal o! labour to work out details and the Author deserves to bo congratu- 
lated for being able to put In the band of engineers a pamphlet which will 
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enable them to construct their culverts without going through laborious 
calculations. 

I would only add that the table should be made complete by includ- 
ing culverts of small spans o! 1, 2 and 3 feet as these have been omitted 
in the table and because majority of our culverts on roads consist of spans 
of two or three feet. The Author, according to his table III, would have 
us assume that 7 inches thickness is the minimum thickness to ho used for 
Reinforced Concrete slabs of culverts of even two or three feet span but 
this 13 rather extravagant, as in actual practice slabs of lesser thickness, 
of 5 inches and G inches, have been used for 2 feet and 3 feet span culverts 
respectively and have been found to stand the test of time and traffic over 
our arterial roads where these have been subjected to loading of heavy 
steam road-rollers and military tanks. 

Now I will try to show that these lesser thicknesses are ample c\en 
for the loads specified in the Indian Roads Congress standard loading 
which has been adopted in the compilation of Tablo III by the Author. 

Take an example of 2 feet culvert , 

Effective span — 2 feet G inches. 

Rending moment per foot width of slab for live load is as below : — 

^ -G8X 2240X2 5 , . 

Duo to umnbuteo load= =- loot pounds. 

= 5712 inch pounds, 


Knife-edge load of G tons as applied on the top of road surface will 
distribute itself at an angle of dispersion of 45 degrees through the 
wearing surface and the reinforced concrete Blab', length-wise. Let this thick- 
ness in the case be 3 inches of wearing coat plus 5 inches of reinforced 
concrete slab or a total of 8 inches. Therefore, the knife-edge load of .G ton 
will be distributed over a length of 2 X 8 inches = 16 inches. 


Thebending moment, therefore, due to knife-edge load 1 
whore W = knifo edge load per foot width: 


Hf~V) 


L= effective span. 

1 = spread of load 

„ ,. , f . _ .0X2240X12 ( 2-5 l'~4"\ 

Bending Moment = ^ ^ — — - — J 

=7392 inch pounds- 

Therefore, Total Beuding Moment =5712+7392 inch pounds 
= 13 104 inch pounds. 

Adding 50 per cent for impact; 

Total Bending Moment for IB e lead — 13104 x J. 

** 19C56 inch pound*. 

Bending Moment per foot width of 6lab doe to dead bid is as below: 

Weight of one foot width of 5-ineh thick slabs =/ f xiUxi 

= CO pounds. 

Weight of the 3-inches cement concrete weiring coat 
= xlioxi-sc pounds 
=99 pound*. 


Total 
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Therefore, Bending Moment due to dead Ioad= — * 7 ^ ^ 

=900 inch pounds- 

Total Bending Moment due to dead and live Ioads= 19656+900. 

=20556 inch pounds 

Now M« =RXbXd s 

where M» is the moment of resistance of slab 

and R= 137 for a percentage of steel of .0089 to area of concrete, 

b representing the breadth of the slab. 

d, the effective depth of slab = _ -\ A20ooK _ 

Bb 137X12 1644 

,.= 3-o inches 


Let us keep the effective depth at 3.75 inches ; adding a cover of 
1.25 inches : 

Then the total depth of slab =3.75 +1.25 = 5 inches, 

Area of steel required =.0089X3.75X12 
= .40 square inches 

Use 4 Nos 3/8" bars, 3 inches apart (area =-44 squaic inches)- 
"We should now test the slab for bond and shear stress. 

Shear : 

Dae to dead load of slab=2 5X X VX144 = 150 pounds 
Due to wearing coat =2.5 x t 9 jtX 144= 90 pounds 
Total =240 pounds 

Beaction on one support due to tbeabove=^ 2 = 120 pounds 
Due to distributed live load 

„ . .34X2.5X2240X1.5 

Beaction on one support i 0 X° 

= 134 pounds 
Due to knife-edge load : — 

The knife-edge load when it is just loading the edge, distributes itself 
over 8 inches due to dispersion through concrete and Elab. 

/ 24 — " \ 

Hence, reaction on the near support* .9X 2240 x 
=.9X22J0X15Xi|J. 

= 2520 pounds 

Total shear =V=2520+134+ 120 = 2774 pounds. 

V * > 774 

•' v =-£7T =i 2 x3.76>?Vsi7 

= 72 pounds 

This is les3 than the permissible stiess of 75 pounds, vide Table 1 
pago 89 of the Standard Specification. 
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Bond*strcs9 u = *r~~ — = ~JjJ. 

ldi 0 *857 x 3.76x4 X J^xJL 

7X8 

„ 2774 
15.2 

=182 pounds. 

This is less than twice 100 pounds and hence the slab is safe for 
bond*? tress too 

We can now compare the thickness of 6 inches with tho thickness 
arrived at by taking into consideration other standard methods of designing 
the road slab by the method of dispersion 

These are 

\ Pigeaud’s method as described in the Reinforced Concreto 
Bridges *' W.L. Scott " pages 141 to 155. 

2. Punjab Buildings ana Roads Branch, 1929 Reinforced 
Concrete Committee method. 


Pigeaud's method 

Tho wheel load Concentrated on t be contact area a X b is assumed 
to spread through the road crust and Blab over a loaded area uXy. 



L I 


d being the depth of road crust 
—3 inches 
and H being the assumed 
thickness of slab=5 inches* 
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Take a 15 ton-roller as the heaviest load that can come upon a 2-feet 
span culvert, 

Weight of each rear wheel =13400 pounds. 

Add 25 percent for impact = 3350 pounds. 

Total 16750 pounds. „ 

Say 16800 pounds. 

This weight is greater than the maximum wheel-load adopted in the 
United States and France (Bee “Reinforced Concrete Biidges ” by 
W. L. Scott). 

Tyre width of hind roller =20 inches = a 

Area of contact parallel to slab span = 3 inches = b. 

•'•v= V ( 34-2 X 3) 8 +5 a “ ^ 81+25“ -^106 = 10.4 
u= V (-204-2 X 3) s +5 8 = ^ 676 + 25“ ^701 =264. 

Now =,38 mi =1.6 

and =.88 m, = 0.5 

(See page 104 and 105 of ‘Reinforced Concrete Bridges’ by 
W. L. Scott). 

Therefore, bending moment in the direction of span due to live load 
will be, 

mi XP= 1*6X16750= 26800 inch-pounds and in the direction at right 
angles to Span will be, 

m a XP = .5x 16750=8,375 inch pounds. 

Bending moment due to dead load as already worked out 
=900 inch-pounds 

Therefore, total B.M.=26800+900=27700 inch pounds. 

and d = = V 277 - °° -= v'X(fg=4.1 inches 

Rb 12X137 

Allow a cover of .9 inch. 

Total depth = 4.1 + . 9=5 inches. It is sufficient. 

Area of steel=.0089 X 4.1 X 12=.44 Square inches. 

Use 4 No. 3/8-inch bars 3 inches apart area=.44 square inches 
Total positive bending moment in a direction 
at right angles to span=16750X .5=8375 inch pounds- 
And the lover arm=4-l X .88=3.6 inches 

Hence area of steel per foot width = i800() 3 ><*3 C 
_ 8375 


64800 


=.13 squaie inches 


si (i) 


Use 3/8" bars, 9 indies apart 


Punjab inw.d. RciNroncnD 
Committee Method. 

Live load as assumed in Fig- 
eaud’e method duo to a 13 ton 
roller including fmpact=lG750 
pounds on n wheel* 

Loaded length at 

right angles to support (n) = 



F- n n ♦ 

=3 + 2(3 + 4)=l7 inches 



“ ~---n f 


Loaded length 
parallel to suppoit 
(m)=20+2(3 + J) 
=34 inches 
Standard width for 
Bending Moment. (I m ), 
=1/3 (l+n)+m. 
=1/3(24 + 17} +34 

=48 inches. 


Lire load per foot width ol slab 

_ 16750X12 
48 


= 4190 pounds 


Bending Moment for live load = 
4190 



( 4 -^) 

43 . 


= 22520 inch pounds. 


Bending Moment for dead load as calculated in previous methods 

=900 inch-pounds* 

Total B.M. = 22520 + 900=23420 inch-pounds. 

a = V“2U20 A / 1L2 o D .*. 

V 12 X 137 ” ^ = 3,8 say 4 lnches - 

Allow a cover of 1 inch which is ample and hence total depth=5 inches. 


Area of steel, theiefore, is the same as worked out in previous example, 
i.e , § inch bars at 3 inch centres. 

Now we proceed to find the shear stress- 
Stressed width = n+ m+2d 

= 17+34+10 = 61 inches. 


Aa this is more than half the width of ‘standard train of loading 1 
(which is 5 feet), therefore, 5 feet shall be adoptedi 
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.'.Live load per foot width of sbear= 1 =3350 pounds. 

bU 

Shear is maximum when one edge of loaded area just touches the 
support. 

,. V =3350 (^§i-) 

= 3350Xii= —2164 pounds. 

Add shear for dead load as worked out before=120 pounds. 


Total shear=2284 pounds. 


Unit shear=v “ 


V 

bjd 


2284 

12 X 4 X. 857 


2284 

41-130 


=56 pounds, which is safe. 


Bond stress^ ~^ 57X4 x4 x2 o x a =14G Pounds, which is less 

than 200 pounds and hence the slab is safe against shear as well as 
bond-stress. 


By adopting these lesser thicknesses, we shall not only be safe but 
effect, in majority of the culverts, a saving of from 10 to 30 percent. 

2. Comments made by Mr. K. S. Raghavachary (Madras), by post, 
on Paper No. J. 

The' Author deserves the gratitude of the members for the useful tables 
prepared by him for the rapid design of bridges of spans varying from four 
feet to forty feet thus avoiding elaborate calculations every time a design 
has to be made A few poiut3 that seem to require further elucidation are 
noted below. 


Slab Bridges : — The bond-stress noted in the last column of Table 
III has been calculated oti the assumption that all the tensile rods at bot- 
tom are carried straight to the supports. But in Figure 3, it ia shown 
that half the rods are" cranked. Hence only half the number o! lods 
will be available for bond at support, and the bond-stresses developed would, 
therefore, be double the figures noted in Table III. The bond-stresses for 
spans 4, 5, G, 7, and 10 feet, would exceed the permissible 200 pounds, for 
hooked rods. Instead of using large-size rods, smaller-size rods are desir- 
able, as they would keep down the bond-stress. 


Taking the four feet span, by using 3/8- inch rods at 2*-mch centres 
the area of steel is the same (0-50 square inch per foot width) hut the bond- 
stress is reduced to 120 pounds if all the rods are taken straight. In this 
case one third the number of rods could be cranked, the maximum bond- 
stress being 180 pounds per square inch In the case of five feet span, 
half inch rods at 3i-inch centres and giving the same area of 0.67 square inch 



Bending Bods — I would like to tugged that tl t r'» Jt r . .» , 
ed at one end and straight at the other, instead of {rankir.- 1 »>, ’ 
bar at both ends. Instead of hating two tjj»c» of rr>j*/it «,// / * /'! *'* 
onokmd. Tho arrangement is slionn m the sketch, ri'Ae j r* k ’‘ 


Continuous Spans:— In para h, in tho cue of continue . 
slab thickness of 8J inches for interior spans and 9 inches for the r , * * 
is proposed by the Author As tho rods from the end at ant h»t« \ U 
taken well into the interior span, tho rods have to he shrhtlv » , 

provide the same amount of cover. In this connection, rcfcrc’nco > It V‘ 
to Manning's Reinforced Concrete Design pages 193-191 an <.*♦ 


which is reproduced here for ready reference. 


«*tr«ct f,f 


“ Dealing now with the next method of meeting tho increased 
meats, i e., by thickening the 6nd span, it is clear that wo can thus ««!!!?" 
cover the moments near mid-span, hut dilliculty arises at tho nut molt 
Figure (below) where tho difference in thickness has been exaggerate 1 
illustrates this point. It will be seen that the bottom bars cannot^' 
taken straight through from span to span and tho additional thickness is not 
effective to resist the moment at the support, for section x -x in tho figuro 
is only equal in thickness to the interior spans- The section must, therefore 


be checked for 


.. WL* , 


X 



I would like to suggest that a uuiloim thickness of 9 inches be adopted 
for all the spans and the reinfoi cements reduced in the interior spans if de- 
sired- This will also obviate the necessity for providing extra rods for the 
negative bending moment of WL*/10 at the first interior support- 
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T -Beam 9 [vide paragraph 10 of the paper): — 

(a) It is suggested that fillets may be 6 inches X 6 inches so 

that advantage may be taken to design the slab by considering 
the clear span between the ribs as effective span. In the case 
of end T-beams, this will be helpful in providing increased thick- 
ness of deck-slab for the cantilever portion- 

(b) The Author has not indicated that the negative bending moment 

due to partial restraint at the supports has been taken into ac- 
count. It is desirable that rods are provided at the top to take 

a negative bending moment of r~~ . 

lb 

(c) Bond-stress has not, been calculated in the example of T-beam 

for 30 feet span. It is, however, seen that bond-stress at support 
is within limits (117 pounds) with the three, one and one-fourth 
inch bars taken straight. It is hoped that the bond-stress is 
within limits for other spans also, in Table VI. 

(d) For spans up to about 33 feet, where rods can be secured in one 

length, without overlap, the width of lib could be reduced con- 
sistent with the spacing recommended in clauses D 16 and 
D.18 of the Indian Roads Congress specifications aDd with the 
best proportions of height to width of rib. For the thirty feet 
span, rib width may be 1‘jJ inches (instead of 14 inches) even 
allowing a spacing of lj-inch diameters between rods and a 
clear cover of 2 inches beyond stirrups. If one diameter alone 
is allowed in this case, where splicing could be avoided, the width 
could be further reduced by another li inch. The dead weight 
could thus be reduced. 

(e) I would like to enquire from the Author whether the points of 

bending as shown in figure 5 are applicable to all T-beams given 
in Table VI, and whether there are particular reasons for the 
recommendations given. It is presumed that the bending moment, 
at the points have been investigated to satisfy that the remaining 
bars are sufficient to resist the bending moment- 

Though the bent-up bars are not relied upon by the Author to 
take up diagonal tension, in the example worked out, it would 
seem better if they are spaced at a distance not exceeding two- 
third ‘d’ along the neutral plane, so that they will effectively 
add to the shear strength of the beam. 
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PAPERS M and IC (II). 

Mr. S. G. Stubbs, (President): — I propose taking the Papers 31 ".Ribbon 
Development” and K (II) "Lay-out of Roads” together. Will Mr. Murrell 
kindly take the Chair in place of Mr. Ormerod, who is suffering from a 
throat infection. 

Mr. W. L. Murrell, (Chairman): — I first call upon Lt.-Col. H. C. Smith, 
to introduce the Paper M "Ribbon Development” by Mr. Trollip ; and then 
Mr. R. Trevor-JoDes will introduce his Paper K (II) "Lay-out of Roads." 

The following two papers were then taken aa read 



Corrigenda to Paper No. M. 

As a result of further research the author considers that the following 
corrections have become, necessary in his paper. 

Page 2 (m). * * ’ ' '* * 

, Paragiaph 4 — Disadvantages of Ribbon Development. — Instead of “one 
of the mam considerations’* read "one consideration”, 

Paragiaph S — Instead of "more ctowded with local traffic" say "more 
Crowded with both moving and standing local traffic.” ^ • 

After "through traffic is seriously handicapped”, add "Ingress to and 
egress ftom pi irate properties cause hazards and delays to through traffic-” 

1 Paragraph 9- — Delete. 

Paiagiaph 10- — After “slow down traffic” add “and reduce the capacity 
of the road considerably”. . _ . 

Paragiaph 11 . — Instead of "is increased fourfold” say "is increased 
greatly". 

Page 7 (m).— Ultimate Width of the Road. 

Paragraph 9 — insert after "the volume” — “and types”. 

Paiagraph 11. — Instead of "challenged the practicability of an operut. 
ing speed of 100 miles per hour” say "challenged the practicability of a 
general operating speed of 100 miles per hour”. 

Page 8 (m). 

Paragiaph 5 Foreground Vision .— After "as the speed of driving 

increases, the” add the following :—"drivei concentrates his attention and 
focusses his eyes further and fuitber ahead, hence the 

Paragraph 7 — Peripheral Vision.— Alter "as the speed increases, the 
angle of vision” add "or of visual attention”. 

Page 9 (m). 

Paiagiaph 3 ■ — Instead of "for visibility purposes'' say "for sterilizing 
and control purposes . 

Paiagraph 5. — Re-write this entirely as follows : — 

(а) Perception Tune.— The time interval which drivers take to realise 

the necessity for using their brakes. 

(б) Reaction Time . — The time interval between the realisation of the 

necessity for using brakes and the application of the brakes 
(c) Biakmg 2’tnte. — The time interval between the application of the 
brakes and the stopping of the vehicle. 

Paragraph 6 • — The Highway of the Future .— Insert "main trunk" after 
"it is suggested that the cross section of the”. 

Page 13 (m).— Bye-Pass Roads: — 

Paiagraph 6 .— add "(e) Delays the through traffic unnecessarily’’* 

Page 14 (m).— Revise clause 5 to read as follows 

”6. Access to the bye-pass road should be carefully limited, *•<■, there 
should be few cross roads or private entrances”. 

Clause C-— Instead of "100 per cent” say "a maximum 

Seivice Roads- — Amend clause 2 as follows : — 

"The carriageway of the service road should be sufficient to accommodate 
one parking iaue of 8 feet and two traffic lanes, Ac*. a minimum width of 
28 feel". 
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RIBBON DEVELOPMENT. 


Whero Highway Authorities do not control the frontages of roads, new 
houses spring up alongside and stretch out into the country in long untidy 
rows This is called Ribbon Development because of the straggling strips of 
buildings that are scattered along the main road which passes through the 
town. 

The Authorities often find it necessary to construct an arterial or bye-pass 
road for the express purpose of facilitating through traffic, which would 
otherwise have to pass through the congested road that passes through the 
town proper. If contioi is not oxercised in time to restrict the erection of 
buildings along this new arterial road, the main purpose for which it was 
constructed will he frustrated. This fresh Ribbon Development will again 
hinder through traffic. Tho second stato is obviously worse than the first, 
since there has been a waste of public money in building tho arterial road. 

Ribbon Development is sometimes roferred to as “Linear Development” 
or "Strip Development”. 

Disadvantage of Ribbon Development. — 1. Ono of tho main considerations 
which forced tho Highway Authorities in Europe and America to restrict 
Ribbon Development was that scattered buildings along the highway destroy 
and deface the beauty of the countryside. 

2. Houses built along the main thoroughfare of a town can be noither 
pleasant nor healthy to livo in, on account of the noise aud dust caused by the 
traffic. 

As new houses are built thoy got fuithor and farther away from tho town, 
This causes inconvenience and increased cost of transportation to tho worker, 
and at the same time decreases his available energy for work. 

There is difficulty in providing buildings /or schools, shopping, and public 
recreation which will he within easy reach of those who occupy houses at 
the t&taetavtves ot ttm BaWsoc. Development. 

3. If Ribbon Development is not restiicted, the main roads become 
more and moie crowded with local traffic, and through traffic is seriously 
handicapped. This makes for txafiic congestion and road accidents 

Ribbon Development also necessitates the introduction of cross roads for 
providing access to buildings erected on back land. 

Tho lack of proper control of frontages, access and crossways, due to 
Ribbon Development, not only tends to slow down traffic but also causes 
frequent accidents. 

4. The cost of Public Services, i.e , water, drainage, gas, electricity, 
telephone, etc , is increased fourfold in areas of Ribbon Development. Whero 
there is group development on tho other hand, not only is the cost of Public 
Services considerably lower, but the works can bo better planned out, more 
economically constructed and more easily maintained. 

Control Imperative . — It is therefore Lost for all concerned that the 
Highway Authorities should exercise timely and proper control over the 
frontages of roads to restrict Ribbon Development, and that tho Planning 
Authorities should immediately dosign schomo3 which will enable those who 
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wish to erect new t>tiHclin't« nevr a growing town to do nco the Im<*v rf 
Group Development— for Kihl>cn Development rtwif «!np 

WHAT IS TO m: CONTKOIiLl'D? 

Motor vehicle driicrs usually govern their an.] timing ifarlir^i 

bp what they seo and understand. On (ho open rotd, With few interreetioTn 
and unobstructed view, they may drive at quite uniform speed for mile* 
On city streets, however, with frequent intcrscctionv and varjing degrees of 
restriction of view, speeds must he more irregular to conform with the 
variations in hsrards which theso conditions create 

When, upon npproaclung intersections, drivers arc able quickly to see 
and to understand the hazards which exist, they control their speeds 
accordingly They approach at speeds from which they can bIovt down or 
stop as may bo necessary to prevent collisions with vehicles the) can seo 
on the intersecting streets. If, howover, a situation is complex and the 
driver cannot readily understand it, ho may fail to fee a vchiclo arriving 
unexpectedly or at a higher Bpced than ho expected, and a collision results 
becauso bo has not slowed down to a speed which will enable him to 
avoid an accident. 

It is therefore necessary to control : — 

(a) Access to highways ; 

( b ) Obstruction of view on tho highway and its adjacent terrain ; 

(c) Comer visibility ; 

( d ) Parking ; 

(e) The siting of advertisements ; 

(/) Tho siting of Petrol and Sorvico Stations 

Access to Highways —This includes intersecting roads, private drives, 
gates, stiles, and unfenccd land, and is dotnmontal to safe and fast driving 
on tho highway 

The principle of segregation is now well recognised Fast moving traffic 
must he separated from slow moving traffic, and not clogged b) tho tardy 
movement of slow vehicles, pedestrians and animals 

Access to fast highways must ho strictly denied m tho interests of all 
traffic Legislation to this effect is thcre/oro necessary 

Obstruction of View — It is necessary for tho motorist to have an Un- 
obstructed view of the highway in a horizontal and vertical direction and to 
have a wide peripheiial view of tho adjacent terrain 

First, the motorist must ho able to seo the road well ahead of him to 
anticipate intelligently tho movements of traffic ahead of him. 

Secondly, the motorist must be able to seo in good timo whether any 
vehicles, pedestrians or animals aro approaching his path from tho adjacent 
terrain so that he can icgulate bis sjiecd accordingly It is therefore 
necessary that a sufficient strip ol terrain adjacent to the highway should 
be controlled — the greater tho design speed of tho lughvvav , tho broader 
should bo the width of controlled terrain. Legislation to piovido for this is 
also urgently needed. 



RIBBON DEVELOPMENT. 


Where Highway Authorities do not control the frontages of roads, new 
houses spring up alongside and stretch out into the country in long untidy 
rows. This is called Ribbon Development because of the straggling strips of 
buildings that are scattered along the main road which passes through tho 
town. 

Tho Authorities often find it necessary to construct an arterial or bye-pass 
road for the express purpose of facilitating through traffic, which would 
otherwise have to pass through the congested road that passes through the 
town proper. If control is not exeicised in time to restrict the erection of 
buildings along this new arterial road, the main purpose for which it was 
constructed will be frustrated. This fresh Ribbon Development will again 
hinder through traffic. The second state is obviously worse than the first, 
since there has been a waste of public money in building tho arterial road. 

Ribbon Development is sometimes referred to as “Linear Development” 
or “Strip Development". 

Disadvantage of Ribbon Development. — 1. One of tho main considerations 
which forced the Highway Authorities in Europe and America to restrict 
Ribbon Development was that scattered buildings along the highway destroy 
and defaco tho beauty of the countryside. 

2. Houses built along the main thoroughfare of a town can be neither 
pleasant nor healthy to live in, on account of the noise and dust caused by the 
traffic. 

As new houses are built they get farther and farther away from the town. 
This causes inconvenience and increased cost of transportation to tho worker, 
and at the same time decreases his available energy for work. 

There is difficulty in providing buildings for schools, shopping, and public 
recreation which will be within easy reach of those who occupy houses at 
the extremities of the Ribbon Development 

3. If Ribbon Development is not restricted, tlio main roads become 
more and more crowded with local traffic, and through traffic is seriously 
handicapped. This makes for traffic congestion and road accidents 

Ribbon Development also necessitates the introduction of cross roads for 
providing access to buildings erected on back land. 

Tho lack of proper control of frontages, access and crossways, due to 
Ribbon Development, not only tends to slow down traffic but also causes 
frequent accidents. 

4. The cost of Public Services, i.e , water, drainage, gas, electricity, 
telephone, etc , is increased fourfold in areas of Ribbon Development. "Where 
there is group development on the other hand, not only is the cost of Public 
Services considerably lower, but the works can bo better planned out, more 
economically constructed and more easily maintained. 

Control Imperative. — It is therefore best for all concerned that the 
Highway Authorities should exercise timely and proper control over the 
ron ages of roads to restrict Ribbon Development, and that tho Planning 
Authorities should immediately desi-n schomos which will enable those who 



It is therefore necessary to control — 

(a) Access to highways , 

(b) Obstruction of view on tho highway and it* v 

(c) Corner visibility ; 

(d) Parking; 

(e) The siting of advertisements ; 

(/) Tho siting of Fctrol and Sorvico Stations 

Access to Htghtcays —This includes mtoisccting row',* , , 
gates, Rtiles, and unfenccd land, and is detrimental to n 1 , j' , 
on the highway 

The principle of segregation 19 now well rccogniFcd y,„t 
must be separated from slow moving traffic, and not c!oi j , , 
movement of slow vehicles, pedestrians and animals 

Access to fast highways must bo strictly denied ui ^ 
traffic Legislation to tins effect is tbereforo necessary 

Obstruction of Fi«o —It is necessary for the motoritt to J 
obstructed view of the highway in a horizontal and vertical q\hJs 
have a wide peripheml view of tho adjacent terrain "" 

First, the motorist must lie able to see the road well ahead */ 
anticipate intelligently tho movements of traffic ahead of him, ' 

Secondly, the motorist must be able to see in good time v.J., . 
vehicles, pedestrians or animals are approaching his path from tl.V ' ‘ 
terrain so that he can legulate his speed accordingly It J e 
necessary that a sufficient strip of terrain adjacent to the higbuj,, 
be controlled — the greater the design sneed of the highway, t)., V 
should bo the width of controlled terrain. Legislation to ptovidcf v , 
also urgently needed. 
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Corners represent a special case of view obstruction which calls for more 
detailed consideration. 

Corner Visibility . — When approaching an intersection or cross roads it is 
necessan that there should be no view obstruction at the corners so that 
drivers of vehicles approaching the intersection from different roads will 
see one another in good time to enable them to regulate their speed to avoid 
a collision. 

Diagrammatically the position can be stated as follows : — 

Figure 1 shows two vehicles A and B approaching a right-angled 
intersection at speeds of Va and Yb respectively. In order that a driver may 
see other vehicles which are approaching the intersection it is necessary that 
there be no view obstruction at the corners of the cross road. 



This space is known as the Triangle of Visibility. The sides of the 
triangle arc equal to the distances in which the vehicles could pull lip. 

The following table based upon a reaction time of ?th second and 40 per 
cent braking efficiency shows these distances for speeds var> ing from 10 to 
70 miles per hour. 


Taple I. 


Miles per hour. 

10 

20 

30 

40 

50 

GO 

i 

Braking distance or length of sides 
of trianglo of visibility in feet 

1 

j 20 

5G 

110 

180 

2G3 

3G9 

4S9 







If tho speeds of the vehicles are 70 miles per hour each, then aconrV 
to the table, the sides of the triangle of visibility will havo to ho 4RQ to t 
therefore tho corner will require to ho eon tt oiled for mow nhRtr.,Mt!?V n<J 
distance of (489 feet— 8 feet) 481 feet This is a siinplo butinroi' t * 
solution to the problem. Other factors come into the question, t u varl , |i 
in braking distances on diffeient road surfaces, drivers’ reaction tinlo ,j 1 


No doubt, 70 miles per hour is today a very high speed with w|,[ i 
approach a junction ; but, we consider, it may bo tbo speed of th« ™ 
access is limited. ,fe If 


When obstructions sucb as buildings, walls, ticca, etc., ore wlthh 
triangle of visibility and cannot be removed, it is neccBsaiy to Install ! * 
mum speed limit signs to indicate to driveis tho 'maximum Bufa *.„,**' 
speed’. This term, though not quite correct, convo>B the meaning | iV^ 
than the correct technical term "critical speed” “ 

The question arises as to how much land at the corner of the cross 

should 1 •' .. 

speed. 1 ■ ■ ■ " /i ‘ 

the otht ^ , i . ' . ( , 4 ; )B 

required lor corner visibility to a minimum. 
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Parking on the Highway.— (a) Roadside Salts . — Provision should bo made 
in tho layout of roads for roadside halts to bo located at viow-poitits and rest 
places, to enable the driver and his passengers to rest awhile and enjoy tho 
scenery. To enable this to ho done without causing danger and incomentence 
to other users of tho mad, properly designed parking h 13 s should he provided. 
If service facilities are also required they should be provided in accordance 
with the principles set out under Petrol Service Stations. 

Other amenities might be included, e.g. first-aid equipment, telephone, a' 
map of tho district and a detailed map of the environment to enable those 
who understand the use of maps to secure tho maximum benefit from their 
visit. 

It must be remembered that tourism is a national asset, and services 
such as have been indicated will enable the work of tho highway engineer to 
be better appreciated and will pave tho way for the approval of finance to 
improve his roads. 

(b) Garages . — The parking of cars has been defined as a privileged use of 
the highway not contemplated by law. Parking reduces the width of 
carriageway available for main traffic. In business districts and in main 
streets tho delay occasioned thereby is serious, and results in accidents. 

The oontrol lies in restricting parking and in the provision of garages. 
Streets are not the proper place to park vehicles : streets are meant for the 
movement of live vehicles and not for the storage of dead ones. 

Places which attract tho public in large numbers therefore require to be 
provided with garages to enable them to absorb their own traffic. Ample 
garago accommodation should bo providod in all business quarters, for 
residents, office executives and visitors. 

In tho caso of buildings which nro built along main or through streets, 
ample accommodation by way of garages or compound spaco should bo pro- 
vided for residents’ and visitors’ cars. 

Advertisements . — Billboard companies are quick to appropriate for their 
own profit tho values created by public investment in tho construction of 
highways Thoy lino up their billboaids along now roads almost as rapidly 
as thoy are built. 

Tho billboard menace must bo controlled. 

Thoy destroy tho quiet loveliness and amenities of tho picturesque 
countrysido ; thoy cheapen tho approaches to tho towns ; they are a constant 
mcnaco to life and limb, both as distracters of attention at danger points and 
as obstructions to vision at intersections. 

Control should ho based on the following principles laid down in a code 
recently formulated by tho Safety First Association of India in conjunction 
with tho Town Planning Committeo of Bombay : — 

(a) Interference. — Billboards 'or advertisement hoardings in the vicinity 
of a highway should bo located so that they will not affect tho visibility of 
motorists or unduly distract their attention, especially at dangerous situ- 
ations or on congested highways ; obstruct tho path of pedestrians or hinder 
their visibility at crossings; or mask tho entranco of vehicles from sido roads 
and drivoa into the highway. 



OO Sifin? —No a1reTti*'**n*nt #hi3ll 1*' W*!*1 within l.M f^t rf inlff 
section! in the country or within 7 5 f<vt c-f mt-cr in lism Tf * 
same distance* apply rcip^ctivcly to uncnlrollel railway crrmrc* an 1 to 
the inride of bend* in the country cr in the town. 

(c) Placet cf Public Inlnett — No *dvertln , mfnl shcuM l*» locat'd so *« 
to obstruct or mar natural scenery, encroach upon the rrecincts of a 
historical monument, shrine or relic, or injuro the amenities of any part of a 
neighbourhood 

Petrol anti Service Sfrttiom — While roul.nle a<hcttMcmrnt* ami bill- 
boards are considered to he parasites of ttie highway. the rovLnlc |>etro1 anil 
Tilling station, whether in an urban or rural district, is a necessity to ail u«cm 
of tho highway. Yet, even theso filling station*, il not strictly limited and 
controlled, often become sources of highway nuisance 

In rural districts, small filling and service stations, plastered with cheap 
advertising, spring up like mushrooms. Other roadside stands crowd round 
theso regular tourist halts , and soon nn ugly ribbon slum develops — an 
eyesoro and a positive handicap to tho efficiency and safety of a costly 
highway. 

In urban areas, petrol and filling stations if wrongly sited or badly 
designed, not only interfere with traffic but also constitute a danger to 
pedestrians and a source of annoyanco to tho neighbourhood 

Tho number of fuelling and service stations should lie limited. TUoy 
should bo Bet back 30 to 40 feet from tho highway. Thoy should bo of a 
simple, straightforward pattern, designed to harraoniso with the surrounding 
landscape. Advertisements should bo limitod to tho namo of tho filling 
station alone. 


never be located at the bottom of a stcop gradient, on sharp curvos, at 
important road intersections, or inside a bend. 

In genoral, all filling and sorvico stations should bo kopt in a tidy and 
orderly condition A standard sign, signifying the presence of a filling or 
service station, should be fixed in advance on tho highway, and no intermit- 
tent illuminated sign should bo used at tho station itself 

ULTIMATE WIDTH OF THE ROAD. 

Tho design of a highway is dependent upon tho maximum operating speed 
and the volume of traffic to bo earned. 

In considering tho maximum operating speed of tho vehicle wo havo to 
take into account the limitations of tho vehicle and the limitations of the 
driver. 

(a) The Vehicle . — Professor R. A. Meyer has recently challenged tU 
practicability of an operating speed of 100 mile3 per hour. He points out tb* 
high cost of constructing highways suitable for such speeds. Besides, J j( j 



says, fuel coats would probably bo threo times as great at'100 miles per hour 
as at 40 miles per hour. Oil consumption at 100 miles per hour would 
increase rapidly, and tyro wear would probably bo six times as great. 
Mechanical break-downs would also increase. 

It is not too much to expect that automobile designers will overcome some 
of the above mentioned costs of high speed and mako further advance in 
this direction. 

(b) The Hoad . — With straight, well surfaced roads having wide flanks 
no further improvement seems necessary ; but for all practical purposes, such 
conditions aro not possible. 

(c) The Driver . — There aro distinct human limitations which have 
important relationships to driving speed. These aro set out in the following 
table : — 


Speed miles 
per hour. 

Foreground 
vision, feet. 

Focal Distance 
of cyo. /cct. 

Peripheral 
vision, degrees. 

Speed in feet 
per second. 

20 

43 

440 

52 

22.3 

30 

58 

780 

50 ’ 

11 

40 

82 

1,110 

38 

58.7 

45 

03 

1,270 

31 

CG 

50 

108 

1,430 

32 

73.3 

CO 


1,800 

23 

88 

65 


2,000 | 

15 

95.3 

70 


Infinity j 


102.7 


Foreground Vis»on. — As the 6pecd of driving increases, tho foreground 
immediately in front of tho car becomes more and moro blurred, and tho 
driver is not ablo to see clearly tho details of the highway just ahead of him. 
Only thoso objects which aro somo distanco ahead aro clearly visible to tho 
driver of a fast moving car. 

Focal Point of Vision . — As tho speed increases, tbo point upon which 
tho driver concentrates moves farther away. 

Peripheral Hsion. — As tho speed increases, the anglo of vision narrows 
down from about 180 degrees when at rest to almost tho width of tho road 
when at 70 miles por hour. 
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The illustration (Figure 3) will make the human limitations clear : — 



DE is tho limit of the foreground vision. 

X is tho point of focal vision. 

L BAO is tho anglo of peripheral vision. 

From an examination of tho table it will be seen that the human element • 
determines tho limit of maximum safe speed for which roads should be 
designed, viz. 60 to 70 miles per hour. 

Controlled Tciram — In designing the highway it is also necessary to 
provide a right of way which is equal to the ultimate width of the road 
plus a strip on either side of the fast motorway for visibility purposes. 
While only the strip equal to the ultimate width of the road is to be 
purchased, a further strip, for visibility purposes, adjacent to the highway 
should be under the control of the Highway Authority. 

The need for this strip of terrain to be controlled will be apparent when 
we consider the amount of time required to stop a fast moving car, which is 
made up as follows : — 

(a) Perception Tune . — The time which drivers take to realise the 
necessity for using their brakes. 

(b) Reaction Time —The time taken by drivers to use their brakes. 

(c) Braking Time.—' The time taken by the vehicle to come to a stop. 

THE HIGHWAY OF THE FUTURE. 

It is suggested that the cross section of the highway needed to suit 
future requirements will be based upon the principle of segregating fast from 
slow or local tralhc. 
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Where conditions are suitable, the fast and slow highways will follow 
the same alignment and be parallel to each other. In places they may be 
parallel to the railway. 

The fast read will be designed on the deal carriageway principle and each 
carriageway will consist of two or even three lanes and a wide verge. The 
fast road will have a medial strip about 20 feet to 40 feet wide. 

The slow or local road will be designed to carry two laces of traffic. In 
towns and villages, as the need arises, provision will be made for footpaths, 
cycle tracks and parking strips, each separated by a verge. In towns and im- 
portant villages, slow roads will be necessary on both sides of the fast read. 

On this basis, the ultimate width cf the road will be as follow* : — Fast 
road 140 feet ; slew road SO feet. Such roads would be constructed in stages. 

Where both roads are in parallel alignment, they would have to be separated 
by a strip of land — 10 feet is suggested. 

It will also be necessary to control, for visibility purposes, the use of the 
land cu either side of the fast roads — 30 feet strips are suggested. 

The factors in this problem are as yet imperfectly understood and an 
investigation is being made in this connection. 

In towns and important villages, the right-of-way to be purchased will 
equal : — 

Fast Bead ... ... ... 140 feet. 

2 Slaw Beads tjj SO feet ... ... 160 ,. 

2 Dividing Strips ($ 40 feet ... — SO .. 

3 SO ,. 


Whilst the width of the strip to be controlled will be 

Ultimate right-of-way — — 3S0 feet. 

2 Visibility Strips (J 30 feet ... ... 60 

440 „ 


This forecast cf the probable cross section of the future highway mav 
seem to some to he fantastic. Bat let them not forget that what we take 
as matters cf fact tccay seemed equally fantastic to the generation before us. 
Fee Speed King of half a century ago would appear like a slow motion 
acrobat it he took the road with ilalcolm Campbell today. It was a general 
belief, then, that travelling ever 100 miles per hour would kill a man, even 
granting that such an impossible speed ccnld be attained. 

The highway that 13 ecus true tec today must be constructed to satisfy 
the need cf the future, aud net merely to quiet the demands cf the present. 
Wfcat fcaTe cur Highway Authorities ccne in this direction? Fcr all 
practical pcrpc«»«, they have net even begun to think over the problem. 
Our Town riancirg Commissions too are acting as though there was no need 
whaisceTcr to adapt ccr reads and highways to anticipate these future 
condition*. 
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The motor car, for instance, ought to have been anticipated at the 
beginning of the century. It vras bound to como ; yet only Haussmann in 
Fans had tho foresight to plan out a city for tho noeds of futuro transport. 
In other countries nothing was dono to meet tho inevitable consequences of 
motor transport Highway Authorities let conscquenco after consequence 
take them by surpriso, and then tried their remedies — belatedly. 

Tho samo fate is in 6toro for our cities and trunk highways unless some- 
thing is dono and done immediately — soon, it may bo too late 

WHAT OTHER COUNTRIES HAVE DONE. 

The English Restnction of Ribbon Development Act — The English 
Restriction of Ribbon Development Act of 1935 has three main objects : — 

The control of access to roads 

The control of the use of tho terrain adjacent to the road for the pur- 
poses of visibility and the prevention of disti action. 

Tho provision of parking facilities. 

1. By access is understood the construction of pathways or carriage- 
ways leading to the road, or the insertion of a gate or stile in a fence along 
the road. 

The Act makes it unlawful, without the consent of the Highway 
Authorities, to construct any means of access to all classified roads, to ceitain 
unclassified roads mentioned by the Highway Authorities, and to all proposed 
roads. 

2. By control of the use of the terrain adjacent to the road is meant the 


of the countryside 

In tho case of existing roads it becomes unlawful, by this Act, to erect 
any building within 220 feet of the middle of the road. 

In the case of proposed road the Highway Authorities may compulsori- 
ly acquYta Iwvi viitfoia 2.20 feet. g( the prepeeed void, va erder to prevent 
the erection of buildings which will binder the view of the motorist. 

If the Highway Authorities do not exercise the power to acquire the 
adjacent terrain, then it is permissible for adjoining property owners to build 
up to the ultimate width of the road. The ultimate width is the width 
that is fixed by the Highway Authority for any particular road (60 feet to 
160 feet). In many cases it may happen that the actual width of the con- 
structed road is less than the width fixed by the Highway Authority for 
that road — the width fixed is the ultimate width. 

Note . — In all cases compensation shall 'oe paid to any owner who can 
prove that his estate or interest is injuriously affected by the restrictions 
imposed on his land by this Act. The land can be said to be injuriously 
affected when its development is prevented Jby this Act, if the development is 
practicable and if there is demand for sucb development. 
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3. Provision is mnclo for parking facilities by oxtonding tlio powers of 
Local Authorities, who aro given tho power to maintain buildings for use as 
parking placos and to ncqtiiro land for tho purpose of providing means of access 
to such buildings, 

Ijocal Authorities aro also givon tho powor to domand tho provision of 
adoquato parking accommodation for all proposod buildings of 2,60,000 cubio 
\ foot and upwards, fo(- petrol filling stations, refreshment housos, or stations 
for Public Sorvico Vehicles, 

U. S. A. Highway Zoning. — Different methods aro adoptod in controlling 
and regulating roadside uses in different countrios In America, many Statos 
favour tho now method of highway control — Highway Zoning. 

Tlighway Zoning is tho most practical method of securing roadside 
control, for it provides for the gcnor.al control of tho entiro length of highway 
terrain by Stato regulation and also for tho particular control of sections or 
districts along tho highway (which may need differences in regulation) by 
local restrictions imposed by tho Highway Authorities. 

Tho term Highway Zoning would thus include both linear zoning as well 
as district zoning. By linear zono is meant a strip of X feet of adjacent 
terrain on each sido of tho ontiro highway which is subject to tho general 
restrictions as to land ubo imposed by tho State. Besides tbeso general 
restrictions, tho Highway Authorities aro given power torcgulato and control 
tho adjacont terrain according to tho particular ncods of the locality through 
which tho highway passes. 

In practico, 'zoning* deals largoly with land uses, hut not nocossarily so. 
Thus, for oxamplo, tho Highway Authority m 1 ' 1 

to tho height of buildings, sotbaclcs from tho 
requirements of different localities which front : 
tho Highway Authorities may stipulate a sot* ' 

and only 70 foot in anothor ; hut no permission can ho granted ovon by tho 
Highway Authorities for a location within 60 feet of tho right-of-waj this 
hoing n, general restriction placed along tho ontiro longth of terrain by State 
regulation, according to the principle of linonr zoning. 

Again, tho Highway Authorities may regulato tho uso of land fronting on 
a highway, for business or residential purposos. 

In district zoning, tho ontiro longth of tho terrain adjacent to tho high- 
way, extending for miles, would ho divided into zones or districts, each 
allocated for special purposos. Tho zoning plan usually provides for four 
main clagpos of districts : — 

(a) The Residence District whoro only residences and accessory buildings 

can ho erected. 

(b) The Business District whoro only storo9, with n minimum of light 
manufacturing as nccossory, can bo built. 

(o) The Industrial District where buildings for any industrial activity, 
except heavy and nuisance industries, may bo erected. 

(d) The Rural District where tho land fronting tho highway Is mostly 
devoted to farming or plantations — Including tho sale thereon of 
their own products ; parks, recreation grounds and reserves ; 
comotorles, schools, churches and a limited number of residences. 
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The determination of tho boundaries of the«e districts shall be left to the 
judgment of the Highway Commission. 

Advantages . — Tho system of “Highway Zoning" adopted in America to 
control and regulato roadsido uses has two important advantages over the 
"Restriction of Ribbon Development Act of 1935” passed in England for the 
Bamo purpose: — 

1. Tho varying of restrictions to suit tho requirements of particular 
localities which Highway Zoning allows, gives to zoning a distinct advantage 
over tho English method of uniform restrictions imposed along the whole 
length of tho highway. Zoning exercises a uniform general control through 
linear zoning, and also provides for adaptation of special restrictions to suit 
particular localities by district zoning. 

2. The application of tho principle of zoning to any highway does not 
entail payment of compensation to property owners of the adjacent terrain. 
Zoning is done under what in the United States is called Police power, and 
consequently property owners have no right of damage for restictions on 
their use of property. In other words property owners are free to make 
any use of their land provided they do not cause nuisance to the community 
in general ; and any use of land will constitute a nuisance which adversely 
affects tho protection of life, the health, the morals, or the general welfare of 
the community— the Municipality or zoning authority being the sole judge 
in this matter. 

Neither the restrictions nor the refusal to pay compensation for alleged 
damages sustained by the restrictions are in any way unfair or unjust. 
Property owners, usually well paid for the right-of-way land which they sold 
to tlie Highway Authorities, seek a second reward through use or sale of 
frontage property for roadside stands, petrol stations, billboard sites and 
other similar uses. This ultimately destroys both the attractiveness and 
the efficiency of a highway constructed by public investment. This is often 
tho fate of a costly highway, simply because the Highway Authorities failed 
to exercise reasonable control of highway frontage development and use. 

BYE-PASS ROADS. 

When there is heavy through traffic between two centres, it is not /air 
to make that traffic force -its way through intermediate communities, 
as this : — 

(a) Crowds the local streets with non-business bringing traffic ; 

{ b ) Decreases the attractiveness of the local business centres ; 

(c) Adds to the local tax-payers burden on account of increased road 

repairs and traffic control ; 

(d) Subjects the local people to unnecessary hazards of life and limb, to 

noise, dust and dirt, and to pollution of the atmosphere occasioned 
by motor vehicle fumes. 

Principles to be observed in the layout of Bye-Pass Jtoads. — 1. Prohibi- 
tion of building on either side of the road for a distance of X feet 
apply before the road is built, i.e , there must be a Ribbon Development 
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or, alternatively, tho land must ho bought by tho Highway Authorities, or 
tho uso of tho land must he controlled, i.r. it must remain n bye-pass and 
not a now street. 

2. Tho take-off, i.e. tho entrance ami exit should bo easy. 

3- Should be as direct ns possible. 

4. Should bo built for a reasonably high safo speed. 

6, Access to the bye-pass road should bo denied, i.e. no cross roads or 
entrances. 

G Visibility, both vertical and horizontal, should bo 100 per cent, t e. no 
blind comers or restricted views 

7. Uso of tho bye-pass should ho restricted to fast motor vehicles only. 

Benefits of Byc-Patsing. — l. So far as the tax-paver is concerned, bye- 
passes .are preferable and moro economical than widening a heavily-trafficked 
business street, provided Ribbon Development is prohibited. 

2 So far as tho resident is concerned, congestion, dinger of nceideuts, 
noise, smell and pollution of the atmosphere is minimised I^ocal business 
and traffic is not interfered with. Residential piopcrty is thus protected. 

3. So far as tho through passenger or driver is concerned, traffic conges- 
tion is relieved. Accidents are lessened and traffic is enabled to attain reason- 
able speed. 

SERVICE ROADS. 

In built up or residential areas, private carriageways with entrances or 
garago entrances, etc , seriously interfere with the passing through traffic, 
whilst cars parked along tho road reduce tho effective width of the carriage- 
way and therefore obstruct tbo passing through traffic. 

When now roads are built, such interference and obstruction can bo pre- 
vented by tho provision of a separate service road laid parallel to tho main 
highway for tho purpose of accommodating local traffic 

Tho principles to be observed in tho layout of service roads are : — 

1. Access to main roads should bo kept to a minimum In towns, cross 
roads should generally not bo spaced less than 440 yards apart. 

2. Tho carriageway of tho service road should bo sufficient for two 
streams of slow moving vehicles, i r, a minimum of 20 feet — 2G feet is better. 

3. A foot-path, to accommodate foot traffic and tho utilities, should be 
provided. 

4. Separate cycle tracks— minimum of G feet— are desirable on both sides 
of tho carriageway. 

5. The buildings abutting should have sufficient space within the com- 
pounds to accommodate the vehicles of residents, visitors and tradesmen ; 
where this is not possible a parking strip of 8 feet width should be provided. 

G. Verges raparating the footpath, the cycle track and the carriageway 
should bo provided— 6 feet is suggested. 



7 Corner development should be controlled to aid visibility, and kerbs 
of a minimum radius of 30 feet should bo used. 

GROUP DEVELOPMENT. 

Group development should be encouraged by local authorities, by planning 
in advance the development of areas away from arterial roads. This plan 
bhould necessarily form part of a master plan 

If streets and utilities aro provided well in advance of building require- 
ments — in suitahlo areas — then such areas will attract buyers. 

Village! and then Relation to Main Hoads — The development of villages 
and towns along mam thoroughfares is wrong in principle and should be 
avoided Planned doveloqment should take its place Tha main load is an 
unsuitable situation for a town or villago. 

Replanning of Exnhny Villages . — Tho question is what is to be done 
with existing villages through which mam roads go. 

Tho remedies suggested aro : — 

(а) Bye-passing tho village. 

(б) Widening tho main road and adding service roads on both sides to 

deal with tho local traffic. 

(c) Replanning the village away from tlio road and taking advantage of 
rebuilding, expiration of leases, etc , to rebuild the village away 
from the main road in accordance with the principles set out under 
"Siting of New Villages ” 

Tho question of bye-passing and service roads has been dealt with before. 

Rebuilding of a village away from the main road is not such a difficult 
matter as it may seem. The thing can be done by a bold use of the blessed 
gospel of opportunism by the inevitability of gradualness. It means the 
seizing of the apparently small opportunities that occur as rebuilding takes 
place, and as leases expire ; and from tho continued seizing of these 
opportunities, tho gradual realisation of a scheme that may have occupied 
years between its inauguration and completion. There has been an immense 
amount of rebuilding in the central areas of our large towns dujing the last 
decade and there has been a lamentable missing of tho opportunities that 
this rebuilding has afforded. 

“Tho most inspiring and almost the sole example of rationalised 
opportunism in town improvements is tho stieet system in Paris. There two 
or three centuries ago Hausstnann and his associates designed a scheme 
for a complete replanning which has been steadily realised from that day to 
this The imagination and courage shown in designing and executing that 
scheme, long before the advent of motor transport, was stupendous. And 
the result is magnificent." [Thomas Sharp — "Town & Countryside”] . 

If a complicated city like Paris can ho replanned, how easy it would be to 
change the site of a village from the main road to a better site off the main 
road where the villager can enjoy the health and pleasure which is denied to 
him when lie lires on the main road. 
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Siting of New Villages . — Tho principles to bo observod in tho siting ot 
new villages and ro*dovclopmcnt of older villages aro as follows : — 


1. Tho Bito should bo sufficiently far away from tho main road to admit of 
tho drivers ot fast traffic seeing in good timo any traffic emerging from tho 
village road. 

Tho terrain within tho triangle o! visibility (viz. A.B.O. in figure 3, drawn 
for 70 miles par hour) should bo freo from buildings, trees, hedges or other 
obstructions, and the uso of tho terrain parallel to tho road should he 
controlled for a width at loast equal to BC as shown in that figure. 


2. Accoss to tho main road should bo limited. Whero tboro aro soveral 
villages, they should, as far as possiblo, bo connected up to tho same road. 

3. Tho intersection of tho villago road and main road should bo at right 
angles as far as possiblo. 

4. All cross traffic should bo made to stop before entering tho main 
road. A gate which would operate traffic signals would bo an advantago. 

5 Tho buildings should bo built of local material. 

G. Tho site should bo chosen with regard to landscapo, water, prevailing 
breeze and drainage. 


FINANCE. 


Tho all important quostion of financo will dotor tho majority from proceed- 
mg with the solution to tho problem. They will prefer to muddle through 
without a plan, then find it necessary later on to undertake widening ana 
other road improvement schouies at a cost which will bo considerably greater 
than it would bavo been if tackled on a planned basis. 

Tho question of financo determines whether thoro should bo : — 

(1) Bostriction of Eibbon Development, or 

(2) Highway Zoning. 

Tho motorist is already contributing heavily to both Central and Provin- 
cial Governments, and Municipalities and Local Authorities. 

In England, tho cost of financing the restriction of Eibbon Development 
is met by the Boad Fund and it is suggested that the same procedure be 
folio wod here. 

- WHAT SHOULD BE DONE IN INDIA. 

Control is desirable over all highways However, in a vast country like 
India, with limited finance, the cost of giving effect to this would be greater 
than the capacity to bear. But we must have the necessary legislative 
machinery and this must be exercised at important points at least. 


They can be summarised tbns: — 

1. All approaches to towns and large villages along main roads should 
be controlled. 

2. The use of the terrain on both sides of new trunk roads should 
be controlled. • 

3. Advertisements and Service Stations along all highways should be 
limited and controlled. 
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i. The terrain on both sides of bye-pass roads should l>c controlled. 

5. Tiio corners of all intersections with main roads should bo controlled. 

6 Anywhere along tho main highway where symptoms are evident of 
the building of a town or largo village, such ns may ho occasioned by tho 
discovery of metal ore or tho location of medicinal springs control should he 
exercised. 

Control should extend oxer -440 feet, t.e, 220 feet on cither Ride of the 
centre line of tho highway. 

As to tho choico of method of control, tho author is of opinion that tho 
Zoning method is preferable Its ndrantnges huso been discussed before. 
It will considerably lessen tho financial difficulty. 

The proper tune to introduce legislation to control Hihhon Dewdopmcnt 
is now 

Them arc many considerations which mako it imperative that legislation 
should come to tho rescue of tho highway authorities 

The tourist business has become a leading industry in many countries ; 
and India can take the first place if only facilities for tourists aro forthcoming. 
What country can match with India in tho lure of her uneanquered snow- 
peaks, the charm of her quaint customs, tho glory of her historical monuments 
and the mystery of her religious ceremonies ? All these are hidden from 
the thousands of tourists who regularly visit other countries, because it is 
well known that touring m India at present is anj thing but a pleas me. 

It is also tn tho interests of industry that highway control and develop- 
ment should he taken in hand immediately. No one will deny that the 
project needs money ; but only the blind can fail to perceive that the leturns 
will repay the outlay 

The people of India are principally agriculturists — thev belong to the land 
They are happier m rural surroundings. But a well-planned system of roads 13 
necessary to enable them to sell profitably their agricultural and cottage 
industry products. Cheap transport, quick loutes and minimum handling are 
necessary for this Only then can the ideal of modern planning be attained, 
where the people can lne as near to the countryside as possible If transport 
is facilitated, inland produce can find a ready market If transport is cheap 
and quick, cottage industries will flourish If transport is easy, heavy indus- 
tires can woik unrestricted far away fiom towns and congested aieas 

Cheap road transport is necessary for the -progress of trade and 
commerce Tiansport facilities create business and larger k profits for the 
farmer and the internal producer. 

But mere dei elopment and control of the highway is not enough. Random 
development, piecemeal control, and ill-conceived planning will lead to 
nothing good. We must plan with foresight, and then build in accordance 
with the preconceived plan. We must have Regional Plans, drawn Up for 
every legion or district, and Master Plans prepared for every one of our towns 
The alignment of the road should be designed to satisfy all requirements, and all 
safety measures should be considered Every detail must be worked out in 
view of the ultimate and preconceived plan ; nothing should be left to chance, 
whim or caprice The foresight of Haussmann must inspire us, 
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After foresight comes courage What India needs most today is men of 
foresight and courage. Foresight to deal with tho problems that are bound 
to come, and courage to face the opposition of those who would live for the 
present and lot tho future taho care of itself. 

Tho Present is what the Past planned out; tho Future will ho what tho 
Present concois'o«. What is tho legacy that wo wish to lease liehind us? 

Admiring a beautiful Italian city, Huxley said: "I thought of all the 
men who had lived hero and loft the visible traces of their spirit and 
conceived extraordinary things." Is that the legacy wo wish to leave behind ? 





2i (in) 


DISCUSSIONS ON TAPER No. M. 

Lt.-Col. K. C. Smith (Bombay) : — In the absence of the Author, 
Mr. Ormcrod had agreed to introduce this paper, but I regrot to Gay 
that ho is suffering fiom an infection of the throat and you a\ill bo deprived 
of hearing that .veil-known voice ut tins Congress I have, therefore, 
been asked to introduce the paper, Before doing so, let me say how 
eorry Mr Trollip is that ho is not able to be hete. 

You will rernonibei that the original dates for the Congress were 
fixed for 5th to 12th, and on this Mr. Tiollip arranged to give his 
presidential adchess to the Association of Mechanical Engineers on 
February 17. Then caino the change of dates and Mr. Trollip has found it 
impossible .to alter his programme. 

'Since the date when the paper was written, Mr. Trollip lias made 
a further study of the subject and lias drawn up a list of alterations and 
additions which I will pass on to the Secretaiy for inclusion In the 
final proceed ings.* 

In every country in the vvoild, the development of motor vehicle 
transport is creating new and dilhcult problems Ribbon developraent- 
is one of these England has tackled the question by passing the “Restriction 
of Ribbon Development Act” and the United States has done the same 
with the “Highway Zoning Act”. In India, < nothing has been done as 
•yet to forestall or combat .the evil, but it "is understood that 6teps are 
now being taken to restrict Ribbon Development and to safeguard Pro- 
vincial roads in the Bombay Piovince. In future, it is said, no villages 
will be permitted to spring up close to Provincial roads ; and where these 
Provincial loads are being developed (as in thB case of the Bombay-Poona 
and Bombay -Nasik Roads), b> e- passes aie to be constructed wherever 
possible 

Rigid control of tbe highway and the adjoining pioperty is essentia] 
'if toad transport is to progress in India as it has done in other countries. 
The. legvslsAvxe tneaws. at aehvevvwg ttrts should he examined; atvd the 
existing machinery is insutheient for the purpose of adequate protection, 
special measures should be passed without further delay so as to 'make 
ribbon development impossible. , . . 

The main purpose of the restriction of ribbon development (1) is to 
limit'access to the highway so us to facilitate through traffic (2) is to 
prevent physical structures te buildings, bill boards, etc. from being 
erected within a certain minimum distance of the highway in older to ensure 
good visibility for driving; and (3) is to enable - future road widen ings to be 
made at the minimum expense. 

• ■ If ribbon development is not restricted, roads become more and more 
crowded with local traffic and through traffic is seriously handicapped. This 
makes for trallic congestion and accidents. The exits to a large town must 
. be ample A few direct-bomb bits on these could hamper evacuation and 
hinder traffic enormously. Where bj e-pass roads aie constructed for the 

U These appeal on the page faciug the first page* of paj«er M. _ 



express purpose of facilitating through traffic. now buildings spring up 
alongside if control is not oxcrcised ; the purpose for which tho arterial or 
hyo-pass road was constructed, is therchy fi list rated a-, through traflic is 
hindered hy local tiaflic, and hy obstructed visibility. This results in sheer 
waste of public money spent in building a costly highway 

Existing Measures of Control : — Tho question of controlling unsystem- 
atic building over largo areas in suburban localities, 1 am told, has been 
engaging tho attention of the Government of llomb\y\ Thetc are possibilities 
of tho "English Town and Country Town Planning Act of 1932" 
being adopted hero. This, of course, involves tho question of compensation, 
and the participation of Local Authorities in tho planning, and paitial 
financing of such schemes, and it is unlikely that tho ndoptiou will pro\o 
successful. 

Under tho Rayntvv ari tenure, which controls the use of the land in 
the Province of Bombay, tho Collector bus the power to refuse, subject to 
the general orders laid down by Government, tho conversion of land from 
agricultural to non-ngricultural uso. Collectors may refuso permission to 
convert land to non-agricultural uso under certain conditions, sanitary, 
civic and msthetic matters being taken into consideration, but at the 
present moment Collectors aro reminded that such refusals should bo ex- 
ceptions rather than rules. It would, of courso, be possible for Government 
to pass general rules restricting the uso of land along highways; but so 
far Government liavo not laid down any fixed policy in that matter. 
Kibbon Development must be restricted by a Special Act, and until ■such 
legislation is in forco, general otders should be issued to Collectors not to 
allow non-agricultural uso of land within 220 yards of a main highway. 

The systems followed by England and America for the restriction 
of Ribbon Development have been outlined by Mr. Trollip in this paper 
and their advantages and disadvantages briefly dealt with. The question 
of finance and compensation to propel ty owners 'has also been considered. 
The vrgent neei lor tegwAattow \n Uvvs vmUex must be iuad% clear. TUe 
paper has bsen prepared with n view to tluow moie light on Ibis important 
problem and to urge that legislation should be enacted now while there 
is still time to prevent what may soou become ' financially difficult at 
as later date. 

I have much pleasure in introducing Mr. Trollip's paper. 

Mr. M Mahapatra (Orissa) : — All of us know the evil effects of Ribbon 
Development. The author has very clearly stated the cause and has made 
definite suggestions to solve the problem. We find the same people, while 
living in villages, build their houses in regular lines with straight roads in tho 
front and spacious yards on the back, but when they come to a town 
they’ want to utilise the very inch of land they possess in erecting structuies, 
without having any' consideration for ventitation and drainage. The reason 
is that in villages tbs land is very cheap while in towns each inch of land 
means money. 

I had an opportunity to be in charge of Municipal work and had bitter 
experience of ribbon development. What to speak of leav ing frontage and 
eide space, the public land was gradually being encroached upon by extending 
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foundation projection, construction of clops over aide drain, projection of 
phtforms, sunshades and balconies. Thcso projections are not mere encroach- 
ments. They further reduce the traffic way by a few feet to accommodate 
electric lines which cannot be within an easy roach (that is as far as I 
remember 2 feet G inches) from any part of a building. The Electric Supply 
Company, being a business concern, find the line of least expense for their 
transmission lines. They submit a plan which is approved by the Municipal 
authorities. While approving such plans if proper caro is not taken the 
transmission line posts become obstmctions at junctions which cannot be 
easilj shifted aftorwards Not only The Electric Supply Company, but 
others also, even the Public Works Department take advantage of the slack- 
ness of the Municipal authorities and got their respective ends fulfilled without 
considering bow the town and the town people are going to he affected. I 
may ho excused to mention an instanco in which the Public Works Depart- 
ment wanted to divert a deep Municipal drain to the edge of a busy narrow 
road in order to utilise a newly acquired piece of land located between the drain 
and the road, as a part of the oompound of a school on the other side of the 
drain As per the first proposal, the six feet deep drain was coming to the 
edge of the road which was 14 feet wide. With great difficulty the approved 
plan was modified and the Public Works Department left a strip of fand 
G feet wide between the Municipal road and the proposed diversion. 



So many similar cases come to the notice of the Municipal Engineer 
that if he is not very particular about his duties and is yielding to the will of 
the Municipal Authorities who are the influential people of the town, owners 
of urban land and buildings, it is very difficult to carry on any improvement 
or to check congestion and insanitation. 

In accordance with the Municipal Act and By-Jaws, no ‘new structures 
can be erected, old structures remodelled, and new roads laid, without the 
written approval of the Municipal Authorities. If the mind to improve is 
there, much, can he done, step by step, as a part of the future town-planning. 
Eut ps any improvement, at first, seems to affect the interests of the people 
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in power, though tho idea of improvement may ho them in tho mind of the 
Engineer, ho cannot do much in that direction. Tho pity is that them is no 
Governmental control on these matters either through tho agency of the 
Public Works Department or the Public Health Department. The Director 
of Public Health holds annual inspection and, generally, gives his remarks on 
tho medical brunch of the Municipality. Eaiely docs any officer fuggest 
further development of a growing town. Jn consequence, old part of the 
town gets more and more congested and anybody wishing to go out of tho 
town disturbances has to build a house on a newly acquired piece of land 
with no roads or means of drainage. Municipality goes on permitting struc- 
tures one by ono without any definite plan in view. One case I would like to 
mention, and that is, up to 1930 a portion of tho South-Eastern part of 
Cuttack was subjected to stagnation of water during floods. On shifting tho 
sluico of tho main drainage to 7 miles below, the side lands are now properly 
drained, and the town is extending in that direction. In 1930, I anticipated 
this and proposed that n proper survey ho made nnd the lino of roads and 
drainago, etc. ho laid on a plan which will bo tho guido for town-planning. It 
was also suggested that tho existing buildings and tanks of tho old town be 
shown on tho plan with improvements proposed to ho effected in future, and as 
soon ns an old building is dismantled tho new ono will ho constructed to fit the 
future improvements. Hut duo to financial difficulty the proposals could not 
mature. Cost of the waste land on tho side of drain was Rs. 100/- por acre 
in 193G. Tho price has gono up to Rs 1000/- per aero and there is a chance 
of fuither rise. I find buildings are being constructed without any plan of 
roads and drainage We cannot expect any improvement if such things 
continue. 


As suggested by tho author, at rage 10 (nj, if the Road Fund finances 
the restriction of Ribbon Development, the condition may improvo. Further, 
I would suggest that town-planning should he under the eontrol o 
Chief Engineer o( tho Province who will l.ol.l r^l« 

tho developments and suggest further extensions. * £ i ’ 0 f *j, e 

contemplating to incojlheir resident 

laid down by this Congress Inr town roads, and means devised to see that 
they are carried out. . 

«■_ c»» A fffvderabad-Deccan) : — In connection with corner 

vis,b,l“ ; h» dealt wUh a case o< 4 roads only where , tl^ngle 

is a right angle The junction of 3, 5 and 0 roads, and the safest ways nt 
controlling the traffic at these junctions, also need consideration The lace 
ol the junction ol greater number o( roads than 6 is a ran one 
junctions there are point,, of divergence, convergence and intersection o 
traffic. There are as many points of divergence and points oE con\ " 8 n ®! 
as the number of roads at the junction ; but the points of intersection or 
collision increase enormously with the increase in the number ot roaas. ±o 
determine the number of collision points I have derived the following formula. 
If n be the number of roads at the junction and Y the points of intersection. 

Y = n[l(n — 2) + 2(n— 3) + 3(n-4H-4(n — 5,>+5(n-6) + 6(n-7) 

+ 7(n-8) + 8(n-9) + 9(n-10) etc. etc] 
to (n — 2) terms ^ , rtv . ,s 

If n = io, Y = lOUX8+ax7+3XG+4X5 + 5x4+6XS+7x2+8Xi; 

= 1200 . 
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Tho number of points of collision at tho junction of sovcral roads as 
worked out by tho abovo formula, which can bo checked by drawing tho 
lines, if desired, aro given below : — 

No. of roads. No. of points of collision. 

3 3 

4 10 

0 50 

G 120 

7 235 

8 448 

9 756 

10 1200 

It will be evident bow enormously the chances of collision increase with 
slight increase in the number of roads It is for this reason that gyroscopic 
movement of traffic is now enforced at junctions with tho restriction of 
speed On fast traffic highways where such restriction is not considered advis- 
able, crossings aro provided above or below the highways so that the high- 
way traffic is not interfered with on any way. For such highways, there 
are two lines of traffic each way for automobiles, one of it being for over- 
taking the cars in front at some places there ate altogether 3 lines of traffic, 
the middle one being for tho purpose of overtaking. Tho later is not so safe 
as the former 

Where the circular movement of traffic is enforced, it is essential to 
have a circular obstruction in tho middle as is often done now-a-days. The 
diameter of the circle depends on the permissible speed, the number of 
roads, the width of the roads, and also the radii of the curves at the 
corners. 

There are two ways of determining the diameter of the circle The figure 1, 
page 2G (m), explains one method and tho figure 2, page 27 (m), tho other 
method. In the first method, points of collision are not completely avoided ; 
they will be reduced to the number of roads which is a great point. For ins- 
tance in the case of 4 roads they will be reduced from 16 to 4, and in the case 
of 10 roads from 1200 to 10. In the later case, they aro completely avoided. 

I would, therefore recommend that these points may also he included 
in tho Draft Code and suitable recommendations may be incorporated in it 
for the following dimensions: — 

1. Dimensions of the circle in relation to the width of the road — 
minimum and maximum. 

2. Radius of the curves at the corners — minimum and maximum. 

3. Maximum speed at crossings where suitable circles are formed and 
where they are not. 

4. Length of the adjacent sides of the Triangle of Visibility for 
different included angles. 
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Mr S Baihiram (Punjab) I rise to emphasize that the importance 
ot Mr. Trollip's Taper ib rot so very remote as some may be inclined to 
imagine. Things in this direction in the Punjab are getting terj serious 
indeed, and wo find that this sort of Ribbon Development is proceeding 
apace along existing roads, not only in the neighbourhood of large town a 
hut also along small road-sido villages which, later on, develop into big bustees. 
Owners of properties abutting on the road-land build just a few shops, etc. 
and, thereafter, use one-third or more of tho roadland as their private 
property for stacking their material and merchandise. Sometimes they 
use this land as their private preserve for sitting out and even planting a 
shrubbery garden. For example, to give joua specific instance, we have 
the case of a town in Ludhiana District. Our roadland there is 200 feet 
wide, 10Q feet on each side of the centre lino. Conditions there have 
become so dangerous that there is a constant danger of accidents. The 
roadland immediately m front of the shops and to a depth of 00 to GO 
feet is absolutely covered o\cr with stacks of grain and then comes another 
depth of 30 to 40 feet full of bullock-carts which bring tho grain to this 
market. Hawkers squat on the balance ot the road width including 
the berms. 

It is absolutely essential, therefore, that some sort of building line be 
fixed and such a line should be at a reasonable distance from the boundary . 
of the roadland. If the above mischief is to be avoided, there must he some 
unbuilt area between the road boundary and the building line. 

The question arises as to what is a highway ? Tho highway law in 
India is in a very chaotic condition. On reference being made to the Legal 
Remembrancer in the Punjab it was opined that property owners along a 
road have got unrestricted right of approach to all parts of their property 
from all parts of the highway. It may thus be argued that the construction 
of even a petrol pump on the roadland is an obstruction of such a right and • 
is, therefore, illegal. 

Rai Sahib Fateh Chand (United Provinces) : According to the Muni- 
cipal Act, it is illegal. 

Mr. S. Bashiram (Punjab) : — It is absolutely essential, therefore, that 
some very early means must be found to check this nuisance and it is very 
desirable that any action taken should, if possible, be on all India lines. 

Mr X. G. Mitchell (Government of India) : — I think we ought to be 
grateful to Mr. Trollip for introducing this subject to us. Ribbon Develop- 
ment is going to be a great problem. I would only say one thing. 

Mr Bashiram said that the matter should be tackled urgently and as an 
all-India question and not a Provincial one. Of course, as you know, if any 
leg.elation ia required, it must under the Constitution be Provincial 
legislation. Roads are subject to Provincial legislation and, therefore, this 
Congress can only make recommendations. It must be for the Provinces 
themselves to legislate 

Mr. R. A / Fitzherbert (Bombay) On page 2 (m) of this paper, below 
paragraph 4, the question of control of road territory and Ribbon Develop- 
ment is mentioned. This development cannot really be much controlled 
until we have the necessary legislation, but meanwhile we can adopt various 
remedies to restrict development. 
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One of tho problem* wo are up against as regard* control of llibhon 
Development in tho llombiv lVosidencv, ami, J believe, in the Punjab, is 
the* question of road hnundartea, and it i* \ cry necessary that Oovernmonts 
should take up this question seriou-dv ami w itlinut delay. A* things arc now, 
when the question of a road Itmuidary crops up, wo go to tho Kevenuo 
Authorities and *ay "Here is our lwvundarj'* and tho private hind owners 
concerned sav No. this is the boundnrj", and then tlm l’uhlic Works 
Doputmeut says ‘That hound it) stone was moved three > oar* ago" and 
wo on. 


It seems tome very important to impress on fiovernmonts, so far as 
we can, the necessity for eulv re\i*ion of nil road boundaries 

Another item of control is as regards advertising. Bombav itself has 
some had examples of tho lack of control m this matter. 

You will sea enormous ndveitisetnent signs such a*"Ph>er* Please" 
and largo posters close to small road direction signs which are Innllv 
noticeable. 

A third item where control is needed is in the location of petrol 
stations 

It may he a hardship for tho Petrol Company to he obliged to purchase 
or lease more hud than they need, hut if a pjtrol pump is located at or near 
a corner, I alvvvvs slipulvto that tho pump must ho at a distance one and a 
half times the length of a motor lorry from the corner. Tins is to avoid 
congestion of traflic. 

Something of this amt is necessary if Ribbon Development is to ha 
checked. 

Then then* is another way in which control can he exercised. 

In the Bombay Presidency, Revenue Commissioners can forbid all 
buildings along extra-municipal toads within 10 feet of tho mad boundary, 

I do not know ir this is the ease in other Provinces. 

Again I would say that the question of road boundaries is of very great 
importance. 

Mr. R. Trevor-Jones (Punjab) On page 1 1 (m) of Mr. Troll ip s paper 
it is stated “Highway Authorities let consequence after consequence take 
them by surprise, and then tried their remedies belatedly.*’ 

We may ask ourselves why? One of the main reasons, as far as we 
am concerned in the Punjab, is that we have no legislation at all except the 
local Motor Vehicles Act. I believe eeit-ain Provinces have Highway Acts, 
but I do wot know how many, (A voice “M> sore is one"). I do net know* 
whether it would be possible for this body to state authoritatively that it is 
very necessary that each Province should have its own Highway Act. This 
is realised locally to some extent, for not long ago, the Public Works 
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Department were asked if they coukl quote anj legal authority for working 
on aud maintaining the roads in the Province, and as far as I know, the 
answer .was in the negative. 

Lt.-Col. H. C Smith (Bombay) : — I do not feel confident to answer all 
the points raised by member^ on Mr. Trollip's pajuir. I imagine that the 
author in due cout^e will giro the necessary reply and his reply would 
appear in the Proceedings. 


CORRESPONDENCE. 

Reply received by post from Mr. A. S. Trollip (Author) to the 
discussions on Paper No. M: — 

I am glad to observe that all the Engineers who so kindly took 
partin the discussion ngreo with tho need for controlling Ribbon Develop- 
ment It is a very urgent subject and is ono which some local organisation 
in every Province should make their pet hobby to hammer at. Since 
reading this Paper, the Bombay Joint Town Planning Committee h&vo 
formulated a programme and will be raising this question in the Bombay 
Legislative Assembly. In the meantime means are being taken to prepare 
propaganda against Ribbon Development. 

Government have powers under Section J8 of the Land Revenue 
Coao to prevent the transfer of land from agricultural to non-agricultural 
use If Government issue orders to Collectors and Officers concerned to 
prevent this, Ribbon Development could quite easily be stopped. There is 
no reason why people should be compensated for restrictions placed on 
their l*nd, since they have already been adequately paid for tho width of 
terrain on which the road is accommodated. 

In reply to Mr. Syed Arifuddin’a proposals, the formula which he 
suggests can bo condensed into tbe following simple form : 

Y = Jn*(n — 1) (n — 2). 

Although tbe formula is mathematically correct, in practice such enormous 
number of collisions would not occur. Of course, the vehicles aio not 
points, as assumed As this question relates to the design of junctions, 
I do not propose to deal any further with it. 

Mr. Fitzherbert has raised the question of control of advertising and 
the need for caro in the location of petrol stations. The Joint Town 
Planning Committee of Bombay, of which I have the honour to be 
Chairman, have investigated both these questions and have drafted out 
suitable codes. This committee intend bringing these questions to tbe 
notice of Government as soon as they can. 

Another point which this Committee is giving considered attention 
to is tho siting of bj e-pass roads. Bj e-passes are of no value unless tbe 
bye-pass is protected from Ribbon Development, for in a few years tho * 
moves to the by e-pass. 

Note For comments of Messrs. C. D. N Meares ami IV. L Murrell 
kindly lefer to their respective comments on paper K(II). 
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LAY OUT OF ROADS 
By 

R Trevor Jones, MO. M. Inst C.B., J.S.E., 
Superintending Engineer, P.AV.D., Punjab 


Introduction . — This Paper has been compiled as a draft Chaptei on 
"Layout of Roads" to be included in the pioposed “ Code of Practice. for 
Roads ” to be issued by the Indian Roads Congress. 

Authoi ities for the standaids proposed and the statements secorded aie 
gnen as fai as possible. An acknowledgment ts particularly due to Lt. Col. 
IT D. Whishaw, ODE, 3I.C , R E., for the use of ceitarn material collected 
by him iccenlly fora similar contnbution. 



1. Traffic Surveys .— An investigation of traffic conditions should be con- 
sidered a necessary picliminary to the improvement or diversion of an exist- 
ing road. Information should bo obtained as to the volume and direction of 
the main traffic Hows, tho points of congestion and the causo thereof, the 
incidence of standing vehicles and development and industrial growth at tho 
terminal points. 

Such a survey should deal with a definite area lather than an individual 
load or junction within that aica. Any rcstiictions placed upon tho traffic 
using a particular load are likely to havo an influenco on tho traffic con- 
ditions on other roads in the immediate vicinity. (1). 

Tho method of compiling statistics will he as authorised in tho forms 
already published by the Indian Hoads Congress for traffic census. 

2. Public Safely . — Public safety '* ' ■* * * ’ ’ ' ' '• 

and has peculiar difficulties and pi obi 

of traffic using the highways. Scgrt 

for tho passago of animals, pedestrians, prevention of encioachmcnts and 
obstructions, should be given careful consideration and forethought. Many of 
tho causes of accidents arc duo to unsatisfactory or inadequate legislation ns 
rogards highways and aio thcicforc outside tho control of the road engineer. 
But Ins layout should envisage future improvement and an easy realisation of 
impioved tiaffic contiol when it can bo attained as tho lesulf of pulffic 
opinion, financial facilities or dncct legislation. 

In so far as existing road conditions am a contributory factor in tho causa- 
tion of accidents, tlioir improvement demands a close stud> of the incidence 
of tho latter. It is theieforo recommended that map recoids of accidents, 
should be prepared and maintained by the Highway Authority in cooperation 
with the poheo. A detailed examination of these maps should he made at 
frequent intei vals with a view to determining the points on the highway 
system at which accidents most frequently occur and by analysis to ascertain 
the letnedial measures most likely to piore effective in their diminution. (1). 

3 Amenities . — In studying alignments of roads, tho effect upon ameni- 
ties should not bo lost sight of. The veiges and the slopes of cuttings and em- 
bankments should bo soiled and seeded or, in appropriate cases, turfed or 
planted with suitable shrubs. Tho treatment of these features should conform 
to the natural characteristics of the district and be made to harmonise so far 
as possible with the landscape. Grass verges should be adequately drained 
and kept clear of plant, bitumen drums, tar barrels, debris from the clearing 
of channels and waste material arising from the operation of road maintenance. 
Trausverse giipsor channels should bo avoided as much as possible and efforts 
made to maintain the verges as tracks foi horsemen, where this provision is 
necessaiy. (1). 

4. Acquisition of Land . — When acquiring land foi new roads or road 
widening, the opportunity of obtaining some return for expenditure on road 
works from owners whose lands are likely to bebenefitted by the work should 
not bo over-looked. (l) 

The necessity of acquisition of land earlier than its immediate requirement 
is frequently of importance. This is particularly the case in dealing with old 
loads which are being developed to meet modern conditions and traffic and 
where the problem of suitable by-passes aiiscs It will he generally pmden 
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and economical to obtain possession of or an option on tho land as soon as 
the alignment is fixed ; otherwise public safety and improved conditions may 
not ba possible of attainment through prohibitive acquisition expenditure 

5 Layout, Alignments and Grades tit Gena at.- — The alignment standaid in 
rough country is most impoitant in affecting cost of grading. The cost 
increases rapidly with increase in radii of curies and the longest radius should 
be consistent with the justifiable oxpendituio nnd service to bo rendeied. 
Exjicnsiio fills should he avoided without making alignment too ciooked. 
A crookcl alignment should not bo used to leduco giades below the maximum 
accepted for the piojcct Curies adjacent to bridges should bo avoided nnd 
tangents used at least for a slioit distance on each side of tho budge. Tho 
lowest cost piofilo can be obtained by the use of the “lolling giade”. It is 
also pleasing in appe.uancc if not carried to extremes, but safe sight distance 
must not bo sacnficed The top or weathered zone in many soil types is moie 
suitable than certain of the un weathered zones, and sub-grades close to the 
original ground surface are likely to be more suitable than those in deep cuts 
and fills Bolling grades when cuts are shallow, permit the use of such soils 
as sub-grades Mistakes to be avoided are 

(1) Excessive reduction of intermediate giade, 

(2) Extra expense to get long straight grades, 

(3) Too few le-locations to secure reasonable maximum grades. 

In mountain road location it may be economical to use short stretches of 
grade steeper than tho long ruling grade, thus avoiding expense and dangerous 
alignment. Any excessive grade should be so compensated or so located as 
to permit its futuio reduction; for example, a 9 or 10 per cent grade may bo 
used for a short distance to_rcduco the cost of initial construction whero 
higher standards ore later contemplated Allowance in grade should be such 
that on the reconstructed location the maximum will not exceed 7 per cent. 

G. Standout Iioad Layouts — Land Itequncd. — In designing and laying 
out new roads, the width of land to bo acquired is of the utmost importance. 
Experience has shown repeatedly tho extreme folly of not adopting certain 
minimum standard "right-of-way” widths, even if not required immediately 
or in the near future. 

The minimum standard widths ol roads should he ; — 

Class I * .. + 150 feet to 100 feet. 

Class II ... 100 feet 

Classes III Si IV ... 80 feet. 

("The maximum width should be insisted on when new trunk roads 
are laid out oi where traffic conditions will obviously demand a 4-lane 
carriageway) 

7. Carriageway T Vidths. — Tho 10 foot traffic lane for each line of rolling 
load traffic has been adopted by the Ministry of Transport and by the Indian 
Roads Congress Bridge Specifications 

The minimum width of metalled carriagewaj should be — 

Class I Trunk Road or Urban ... 20 feet. 

Class I Rural ... ... 10 „ 

Classes II, III A IV ... ... 10 



In addition to those standards, additional widening will bo dictated by 
traffic conditions. 


No data or statistics arc available, but it is recommended that any road 
carrying 2000 vohiclos per diem, must bo furnished with a minimum metalled 
surface of 20 feet. 


In computing the number of vehicles, the ofTcct and poiformatico of tho 
various typo3 should bo taken into consideration. 


Assuming motor cars travel five times tho averago distance or five times 
tho average speed of hullock carts per day, then ono motor car causes the 
sarao obstruction to bullock carts as would bo caused by 5 bullock carts ; and 
alternatively, ono bullock cait causes 0 times tho obstruction of ono motor 
car to motor cars. Therefore, if a road is primarily intended for motor cars, 
each bullcck cart should count a9 5 motor cars, and if tho road is primaiily 
intended for bullock carts, each motcr car should count as G bullock carts for 
the purpose of determining the appropriate width. 

8, Radii of Cm res. — 

Minimum radii of cutves in plain roads 1000 feet (5 degrees curves 1 . 
Do. do. hill roads 50 feet (115 degrees curves). (2) 

9 Widening of Carriageway. — (Formation). 

If X = the extra width required on curves, 
and R=the radius of curve, 

then 25 feet being the average wheel base of motor vehicle,'' 


The following table gives tho lequired widening on curves of different 
radii for a unit width of road which may be assumed as 10 feet 


Radius of curve 

in feet. 

Recommended 
widening in feet. 

Radius of curve 
in feet 

Recommended 
widening in feet. 

50 


550 

1.00 

100 

6.25 

GOO 

1.00 

150 

4.25 

650 

1.00 

200 

3 00 

700 

1.00 

250 

2.50 

750 

0.75 

300 

2 00 

800 

0.75 

350 

1.75 

850 

0.75 

400 

1.50 

900 

0.75 

450 

1.50 

950 

0.75 

500 

1.25 

1000 

0 50 


* [ "Principles of Road Engineering” by Messrs. H. J. Collms and 
C. A. Hart, page 318] 





10. SKjw-eferfltion. — Super devotion should bo applied whero practicablo 
on all curves. Tlio following tibia u mtemlcd to proudo general guidance in 
dealing with supei-elevation — 

Radius infect. Supet •elevation. 


Under 500 

1 

in 

12 maximum. 

500 

1 

in 

10 

COO 

1 

in 

18 

700 

1 

in 

20 

£00 

1 

in 

21$ 

000 

1 

in 

23 

1000 

1 

in 

24 

1200 

1 

in 

2G 

1400 

1 

m 

2S 

1G00 

1 

m 

30 

1800 

1 

in 

31$ 

2000 

1 

in 

33 

25C0 

1 

in 

35 

3000 

1 

in 

3G 

3500 

1 

in 

37 

4000 

1 

in 

38 

4500 

1 

in 

39 

5000 

1 

in 

40 

Over 5000 

1 

in 

40 to 1 in 48 


according to the nature 
of the surface material. 

Adverse camber should be eliminated befoie the commencement ot the 
transition curve ; super-elevation should commence at the tangent point and 
attain its maximum when tlio ciicular cune, if any, is touched (1) 

It is recognised that in built-up meas tho degree of super-elevation is 
governed by vary in" Cantors and therefore each case must ha considered on its 
merits. (1) 

11. Gradienfs. — Ruling gradients should be : — 

Plains ... ... 1 in 30. 

Hill Roads ... ... 1 in 20. 

Maixmum gradient 1 in 15 in stretches not exceeding 300 feet. The 
gradient at curves should not exceed 1 in 30 and should be flat at hairpin 
bends (2) 

All changes of gradients should be effected by vertical curves. 

12. I'lst&iftfy at Vertical Cvtves — In the case of veitical curves the 
maximum gradient should be 1 in 30 not used over a horizontal distance 
exceeding 200 feet and the rate of change of gradient should not exceed 1 in 
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100 per hundred feet measured horizontally and the summit of the curve 
should bo made horizontal for a distance of 100 feet. A sight distance of 
about 550 feet will be thus automatically provided. (2) 

13. Visibility at Horizontal Curves.—ln the case of hoiizontal curve?, 
the same minimum limit of visibility, 500 feet between approaching vehicles, 
should apply, and where this is unattainable, definition of traffic Janes is 
essential. Adequate visibility on curves on existing roads should he secured 
by increasing width of the inner verge or the removal of the slope on the 
inside of the curve when tho road is in cutting. In planting verges and 
slopes on the inner side of a curve, trees, shrub*, etc , which at maturity may 
obstruct the view of drivers, should be avoided, (l) 

.14. . Tiaflic Lancs . — Tho division of the cairiageway into tmflic lanes 
assists in tho ordeily movement of traffic and tends to promote gi eater safety 
on tho highway. Lancs should not le less than 10 feet in width and the 
divisions between them should be maiked by white or yellow lines or a 
combination of both. (1) - 


Stainless steel or rubber studs aro more permanent than painted white 
lines, but are expensive in outlay. Carefully made setts or stone studs may 
be employed on hill roads with sharp curves, embedded into the road surface. 
The longitudinal joints of a concrete caniagewav may with advantage be 60 
arranged as to indicate traffic lanes. 


When it is necessary to define traffic lanes at curves, the marking should 
extend 100 feet in each direction beyond the tangent point. The allowance 
for horizontal sighting should he greater on 3 lane roads than on 2 or 4 

15. Camber , — Excessive comber tends to the uneconomic use of the 
highway, induces drivers to keep near the crown of tho road and may be a 
source of danger. A cross fall which is excessive for the material m use 
increases the tendency to skidding. For pure water bound macadam, a steep 
camber is essential in order to diam water away quickly and it is not 
unusual to find cambers cf as much ns 1 in 30. But with a watcrprooi 
surface this urgency disappears and all initial surfacing work should therefore 
include the elimination of excessive camber. The following table gives 
suitable camber for various types of material : — 


Type of surface. 

Water bound macadam. 

Tar Macadam and Bituminous Macadam 1 
Asphaltic surfacing (concrete foundation) J 

Concrete 
Granite setts 
Wood Blocks 
Cast iron paving 


Camber. 

1 in 30 

I in 48 to 1 in 60 
1 in 60 to 1 in 70 
1 in 40 
1 in 50 

1 in 90 to 1 in 100. 


Super-elevation and local conditions may necessitate a departure from 
these cross falls. (Adopted fiom Table 62, Page 304 of “Principals of Hoad 
Engineering” by ZIessis If, J. Collins and C A. Harts.) 
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16. Drainage . — Bovl drainage is cl th<*utmo.l imparlance. Th" Mlaw* 
ing conditions should ho obseirod in layout — 

(0 Offtake and outlet ditches to he of lufficicni sire. d'p'.b, and fait to 
carry away all water quickly from the road bed 

(ii) Proa ido ditches of ample sire, width, dcj'tli, and fall sufficient to carry 
away quickly aaater collected m them to tlic drainage structure* or 
outlet ditch and at the famo time ensure sufficient depth to keep 
the aaater Icael "fill below the sub grade 

(in) Mako all drainage structures crossing the road l>cd of sufficient *120 
to permit freo flow of water through them without retarding \olumc 

(tv) Sufficient crown or camber should bo proa idea to run off aaater into 
side ditches without erosion of surface or discomfort to traffic. 

(a-) AH springs and underground sources of water must ho tapped and 
water led off by sub drains. 

This particularly applies to the road ditches on the upper side of a road 
bed built on a hill sido 

Where natural drainage is towards the road from the side, it is good 
practice to construct a wide ditch or ditches paralleling the road and outsido 
the limits of the roadavay to intercept the surface avatcr and carry’ it to a 
proper outlet This ditch or ditches should be in addition to the regular 
roadside ditch. (See also paragraph 18 below ‘Boundaries of Itoad’). 

17. Grass Vetges and Tice Planting . — Wherever possible verges should bo 
interposed between paved areas, they should bo of aroplo width, 6 feet boing 
regarded as the minimum. ( 1 ) 

Side tracks on land which is not immediately required for paved or ma- 
cadamised road and which function as footpaths, or animal tracks, should bo 
grassed where possible to a\oid dust and preserve surface. Caro should be 
taken that deposits of looso material, etc , do not preclude their use for such 
purpose Too much attention cannot bo paid in grassing, turfing or planting 
of shrubs, scent tree3, etc , on now embankment or cutting. 

Trees should not be planted nearer to the metalled road than 5 feet from 
tho outer edge or toe of berm 

18. lioundaucs of Itoad Fencing.— Tho precise demarcation of road 
boundaries is essential to atoid encroachment on road land. In fndia it is 
rarely a financial possibility to provide fencing at boundaries, but ‘Burjis’ or 
pillars of a permanent natuie at suitable intervals should be established. In 
mral areas, the boundaries may be conveniently demarcated by a drain or 
dyke which can bo suitably designed to carry away surface or storm water. 
(See also paragraph 16 "Drainage”). 



The fencing in of largo areas for arbor! cultural purposes v.ithin tho effective 
width of tlio highway, is to be dcpiecatcd as it forms obstruction to move- 
ment and passage of tho public and tends to congrcgato all traffic on aeon- 
fined space. 

19 Failing Places — Tho paiking of vehicles on tho highways should bo 
discouraged and provision mado on laud which docs not form part of the high- 
way In designing now roads, tho provision of such areas for tho parking of 
buses and lorues should not be ignored as well as provision made for omnibus 
stopping places off tho main cam age way. 

20. So vice or Side Hoads . — Tho provision and upkeep of side roads 
should bo considered a fundamental feature of road design and maintenance. 
At tho outset such tracks will bo r.uely metalled or biidged or drained Hut 
if they aro kept clear of obstruction and maintained as a level and shady 
tiackway, they will form tho habitual loadway for many tv pcs of traffic, c g , 
pedestrians, animals, horsemen, etc. In uiban areas and heavily trafficked 
sections, such tracks will eventually ho found invaluable for segregation of 
traffic where and when additional paved lanes oi metalled widening becomes 
necessary. 

Special “Scrvico” roads with arrangement to exclude bullock cart traffic 
may bo used on unmotalled loads for light motor vehicles. 


21. Junctions and "Houndaboitls" — (i) New Roads. The aim of design 
in tho layout of road junctions should bo to reduce tho possibility of accidents 
to a minimum and to avoid delay and congestion. Tho anticipated extent 
and cbai actor of tho traflic will largely determine tho tvpo of lav out to bo 
adopted, but physical conditions and tho extent of bind available are also 
factois to bo taken into account. It is lecogntscd thnt tho ideal foim of road 
intersection is ono at which the two traffic routes cross ono another at 
diffeiont levels. Whcrovor tho future tiaffic needs may justify such measures, 
consideration should bo given to the preservation of sufficient land for the 
subsequent construction of bridges and their approaches. 


Tho following main principles should be borne in mind in designing road 
junctions — 

(1) The number of intersections or road junctions on main traflic routes 

should bo reduced to a minimum and spaced not less than 440 
yards apart. 

(2) Road junctions in excess of four ways should bo avoided except 

where there is ample space for a suitable “roundabout. 1 


(3) All subsidiary loads should join main traffic routes as nearly as pos- 
sible at right angles. Acute angled junctions aro to bo deprecated. 


(4) At three-way intersections of important roads to be treated on the 
“roundabout” principle, the roads should as far as possible, meet 
at equal angles. 

(5) 'Whore a minor road crosses a major road constructed with a single 
carriageway, the minor road should be staggered preferably to the 
loft, and space provided at its junctions so that drivers can obtain 
tho maximum vision before emerging into the major road Where 
dual carriageways are provided, or intended, staggering is unneces- 
sary if the minor road crosses the main traffic route at right angles, 



but in the case of an oblique mossing staggering v\ ill result from the 
adoption of recommendation (3) abo\c 

(G) At crossing of two or moro major roads ample space should be 
provided for a "roundaliout". 

(7) At every load junction, the icquiicmcnts of pedestrian and all other 
types of traffic should Iks studied and as far as practicable suitable 
pimision made foi them 

The “lound about" which pi ovules for continuous movement has the 
advantage of dealing with a gieater \ olume of \ehicular tiaffic than one where 
traffic is operated on tho "Stop” and ‘‘Go’’ principle In deciding the mnnnei 
in which control is to he applied, the following principles are suggested for 
consideration . — 

ia) In built-up areas and in special situations where the expenditure 
involved in the construction of a “loundabout” ma\ he excessive, 
due regard must be had to financial considerations in deciding upon 

* tho sj stem to bo adopted. 

(h) Whole a load of major traffic nnpoitance is intersected by a load 
carrj ing a sufficient volume of traffic to require contiol, and the 
volume of pedestrian tiaffic is, or is likely to become considerable, 
preference should bo given to traffic signals. 

(c) At junctions where an installation of traffic signals would seriously 
interfere with tho fluidity of traffic, nnd particularly where theieis 
a large volume of traffic making a right-hand turn, a “roundabout" 
is preferable, provided adequate weaving space is available. 

id) W'here provision for fluidity of traffic as lefened to in (c), may even- 
tually become necessary, traffic signals may be installed in the fast 
instance but land should be acquiied or reserved to provide for a 
“roundabout”. 

In the mtciest of safety, pedestrians should be discouraged fioui using the 
central island of “roundabouts" as refuges. 

To screen the glare of on-coming headlights, the suifacc of the central 
island should be sloped to a height of 4 feet at the centre or planted with 
shrubs. 

In towns wbei e theio is heavy pedestrian traffic, guard-rails should be 
placed adjacent to the kerbs with openings at pedestrian ciossings. W'here 

, — •- ~ — - i th 0 object may be more 

which should be maintained 


(u) Impi ovement of Existing Junctions — In the iinprov ement of existing 
road junctions wheie traffic is considerable and sufficient space is available, a 
modified form of “roundabout” or central island may be introduced with 
advantage The diameter of the central island should be as large as possible 
consistent with the space which may be available, and, in any case, should be 
sufficient to ensure easy and safe negotiation by the larger commercial and 
public service vehicles, 
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25. Note on Ihll Rovh — Tu “iiioacaunQ” spirit which induces motor 
vehicles to operate on hilt roads which were never designed for such traffic 
has been the catiso of many accidents and disasters. 

Road engineers are frequently called on by District Magistrates to express 
technical opinion on the safety or otherwise of such tracks for the passage 
of public vehicles If the former insists that the stand mis, as laid down 
herein, must obtain hefoto ho can give a favourable reply, a largo number of 
lull roads now habitually traversed by motor vehicles, would ho closed to 
them 


On the advice of .a technical committee, the Punjab Government ba\o 
adopted “Safety Specifications" which must bo established before public 
motor vehicles may ho allowed to tra\el thcieon 


The standards are for requirements of safety only and for one i cay traffic 
only ; — 


Safety - Specifications 


{») Width : — Tho clear width of tho load in feet shall nowhere bo less 
than tho dimensions given in tho following table: — 

Table I — Minimum math infect 

(1) In open country, side slope not exceeding 1 in 2 ... 12 foot. 

(2) In bazars .. ... . . 12 „ 

(3) In steep country, side slope exceeding 1 in 2 with 

curvature les9 than 20 dogreo3 per 100 feet ... 8 „ 

(4) In steep country side slope exceeding 1 in 2 with 

curv.aturo 20 degrees— 40 degrees (11 = 280 feet— 143 feet) 9 „ 

(5) In steep couutry sido slope exceeding 1 in 2 with 
curvatuia 40 degiees— GO degrees (R — 143 feet — 95 feet) 10 v . 

(6) In steep countiy side slops oxcccding l in 2 with 

curvature 60 degrees — 80 degico fR = 95 feet— 71 feet) 11 „ 

(7j In steep country sido slope excocding 1 in 2 with 

curvature over 80 degrees ... . . 12 „ 

(8) On bridges . ... ... 8 „ 


(«) Gradients Tho gradients shall nowhere oxceed tho figures given 
in the following table This shows both tho actual use in feet in 100 foet 
and the equivalent cotangent (tho length m feet corresponding to a rise of 
one foot). 

Table II — Maximum gradients 

Riso per Equivalent 


100 feet. 

(1) Curvature less than 20 degiees per 100 foot 

to one in 

and on the straight 

20 

50 

(2) Curvature per 100 feet 20 degrees— 40 degrees 

1G 

G.3 

(3) Curvature per 100 feet 40 degrees — GO degrees 

12 

8.3 

(4) Curvature per 100 feet 60 degiees — 80 degrees 

8 

12.5 

(5) Curvature per 100 feet over 60 degrees 

4 

25 

(6) Average over 1000 feet length 

10 

10 
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(i/i) Curvature : — The decree of curvature p**r 100 feet of length shall 
in no case exceed the figure given in the .following table The equivalent 
radius of curvature in feet is also given in column marked It: — 

Note : —The degieo of cun ature refers to the angle turned through in a 
length of 100 feet and is equal to 5,730 divided hy the radius of 
curvature 

Table III. — Mnzutium device cf emiature . 

n 

(1) In open countiv, side slope le=s than 1 in 2 20 degrees 25G 

(2) In steep country slope from 1 in 2 to 2 in 1 SO „ 71 

(3) In steep country slope exceeding 2 ini ISO ,, 3$ 

(4) Hair pin bends .. ... 2SG „ 20 

The total curvature in a length of 1000 feet shall not exceed the amounts 
given in Table IV. 

Table IV. — Maximum cun at me in lOOO feet 

One way traffic 

(1) In open countiy side slope less than 1 in 2 100 degrees. 

(2) In steep country slope from ^ to 2'1 400, 

(3) Do do. exceeding 2/ 1 500 „ 

(irj Parapet walls : — Stiong parapet walls or railings shill be provided 
wherever the outside edge of the road is dangerous and wherever the distance 
from the outside edge to the centre of the road is less than the dimensions 
given in the following table The centre will bo measured from a point at 
least 5 feet from the inner edge of the road. 

Talk V.— Minimum distance ficm ecntic in feet trithout paiapets. 

One way traffic. 

Straights and re-entering curves and salient curves 

of less than 20 degrees ... ... ... 6 

Salient curves from 20 degrees to 40 degrees ... 7 


Do. 

40 

, to GO „ 

8 

Do. 

GO 

, to SO „ 

9 

Do. 

over 60 


10 


It is for the consideration of the Indian Roads Congress whether such 
specifications amended or enlarged if required, should bo published in the 
“Code of Practice". 
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DISCUSSIONS ON PAPER No K ( II ). 


Mr. Trevor-Jones (Author): — The paper under discussion is largely 
based on tlio standards recently adopted by the Ministry of Transport for 
tho United Kingdom (Ministry of Transport, Memorandum on the Lay-out 
and Construction of Roads — 1937. Printed and Published by Eis Majesty's 
Stationery Office) In certain other cases I have incorporated standards 
recently laid down by this body and others suggested by Lt.-Col. W.B. 
Whishaw, 0. B. E , M C , R. E In other case9 I have proposed standards 
which ha^o to somo extent been arbitrarily chosen, but chosen with a 
definite view of their practibility. For, it seams to me no good laying 
down standards for this country which are too elaborate or too ambitious 
to be within the realm of practicable politics. It is no good having 
standards merely Decline ke Waste For it is obvious that if such 
standards aro laid down which aro merely prohibitive, no progress can 
bo made. 

Mr. Mahapatra (Cuttack) : — There are a few points on which I would 
like to make some suggestions. 

As regards drainage ( vide paragraph 16 of paper) I would suggest 
that the side drains should bo kept shallow, just sufficient to drain off water 
in heavy rains To pi event scours Bleep gradients should be broken into 
several 6teps by providing grade walls. 

As regards grass-verges and treo-plantiDg, [vide para 17 of paper) I 
would suggest that the avenue trees should bo planted close to the outer 
edge of the roadside land, at a distance of at least 20 feet from the metal 
edge, or 5 feet from the edge of the side drain, whichever be farther from 
the centre of the road, and at an interval of 50 feet along the road 

As regards the boundaries of road fencing (rufe para 18 of paper ) I 
would suggest that a road should be demarcated on both 6ides by boundary 
pillars fixed against each furlong stone in straight portions and in curves at 
200 feet apart or closer- 

Rai Sahib Fateh Chaad (United Provinces) : — Lay-out of roads is a 
matter of great importance, for the cost of construction and maintenance 
and convenience of the traffic may depend a great deal on the proper lay-out. 

As regards traffic surveys the hours at which there is extraordinarily 
heavy traffic should be noted as also the nature of the traffic 

As regards grades, it is better to give the proper gradient before the 
road is metalled. This avoids a lot of unnecessary expenditure and disloca- 
tion of traffic later on. 

Regarding ‘Standard Road-Width’ I suggest that while sufficient 
width of road-land should be acquired, it is no use acquiring land in excess 
of the requirements, for, besides causing loss of land to the cultivator, the 
extra portion usually gets full of thorny bushes and unwanted shrubs which 
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often become the borne of wild animals and it means so much of extra labour 
in taking earth for the road. 

It is often necessary to reduce the rend widths to the minimum in 
certain localities The minimum standard road width should, therefore, 
also he specified. I think 80 feet minimum width for class II and GO feet 
for class III and IV may bo adopted. 

As regards the ‘Standard Width', I would like to observo that in the 
United Provinces the minimum width of metalled portion is 9 feet only in- 
stead of 10. The Hon’ble Minister of Communications, United Provinces 
wanted to know if an 8 feet road will not be sufficient to ensure speedy 
progress. Wo actually saw 8 feet wide Public Works Department roads in 
Bengal. Tho old-time roads as well as now onos in United Provinces are 
being made 12 feet wide. It is very necessary that tho economic minimum 
of road width should be standardised, which will bo such as will allow the 
middle portion of the metalled portion to be made use of by tho traffic- 
Mr. Walker or Mr. Mukerjee might perhaps throw some light on the point 
as to why the Public Works Department in the United Provinces is in all 
cases, without exception, still increasing the width of its 9 feet roads to 12 feet 
instead of 10 feet as recommended by tho Indian Roads Congrees for a single 
lane of traffic. It becomes very difficult for an average District Engineer to 
decide what width to give under such circumstances. 

As regards the ‘Gradients’, I think that a gradient of 1 in 30 is too 
much for plains A gradient of 1 in 50 may not be difficult to nchioro 
without much initial expenditure. This should be done atlonst for the first 
and second class roads. 

Regarding ‘Camber* I would like to suggest that instead of the camber 
being fixed at 1 in 30. it should vary from 1 in 30 to 1 in 48, depending upon 
the amount of rainfall and other local conditions In the United Provinces, 
the Public Works Department has laid down 1 in 48 as the camber for 
water-bound macadam while in Bengal we saw the camber of 1 in 30 on 
painted roads as well. 

Standardisation of all these by the Indian Roads Congress will he of 
great help to District Engineers and others as well. 

Mr. Brij Mohan Lai (Punjab) : — In paras 6 and 7 of tho paper the 
Author has referred to four classes of roads, but the basis of this classification 
has not been stated As the method of classification of roads varies from 
Province to Province, a standard method of classification should also be 
suggested 

In para 7 the Author has suggested a width of 20 feet for Class I 
Trunk Roads or Urban* and 10 feet for ‘Class I Rural'. The Trunk Roads 
pass through villages as well ns cities, the major portion being through 
rural areas. The specification laid down for width is, therefore, very vague 
Moreover a width of 10 feet is not quite suitable Ibis always liable to 
rutting’. As a matter of fact in the modern conditions of mixed fast and 
slow traffic, a width of 20 feet is tho only suitable standard for all roads 
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except where traffic is insignificant. This standard is, however, too ambi- 
tious to be adopted. Tho next alternative is 12 feet. This width doe9 
not ‘rut’ and is more comfortablo in driving. Therefore it is suggested that 
tho standard should bo 20 feet for class I roads and 12 feet for others. 

In para 7 the Author lias also suggested that whorover tho volumo 
of traffic is more than 2,000 vehicles per diem, tho width of tho road should 
ho 20 foot. This limit of 2,000 vehicles is too much on tho higher side. 
It is very difficult to show by mathematical calculations what this limit 
should be, but by observation of the traffic on Punjab roads, I am inclined 
to suggest it as 500 vehicles. An analysis of traffic statistics of Punjab 
Roads shows that there nro only 500 miles in that Province which carry 
more than GOO vehicles per day Driving in such miles shows that a motor 
Vehicle has to pass on from the motalled portion to katefia berms about 
twice in each mile whero tho metalled width is less than 20 feet. Tins 
virtually means leaving tho metalled portion about once a minute, and is 
too uncomfortable. The maintenance of the earth berms also becomes very 
expensive and difficult in such miles. It is, therefore, suggested that tho 
figure of 2,000 be reduced to 500 

In para 9, the Author has given a table showing recommended widen- 
ing in fact. The figures given in columns 2 and 4 of tho table aro twice of 
what is obtained by the application of the suggested formula. The widen- 
ing suggested for 50 feet radius is too much, and would mean that on lull 
loads where the curves are all in tho neighbourhood of 50 feet radius, tho 
width should not bo less than 22j feet anywhere. It is, therefore, suggested 
that the maximum widening should be limited to 5 feet for each unit width 
of 10 feet. 

The suggestion made in para 20 regarding service roads is very useful, 
but as the finances cannot allow the metalling of these, bullock-caits 
cannot be expected to take to them, as unmetalled surface puts a heavier 
BtTain on the animals. They are, however, veTy much liked, if shaded, by 
pedestrians and animals. 

Tho roundabouts and refuges recommended in paras 21 and 22 are 
essential for safety of traffic at busy crossings The recommendations made 
by the Author are very suitable Two roundabouts somewhat on the same 
lines were constructed at Lahore two years ago, and have proved very 
useful. 

In para 25 tho Author has given a copy of the standards laid down by 
a technical committee of tho Punjab Government for hill roads used for 
one-way traffic only. Chakki Dalhousie Road — one of tho most important 
one-way traffic hill roads in the Punjab, and one which does not fall under 
the category of those brought into use under the pioneering spirit, was 
judged by me from these standards, and it was found impossible to apply 
them in strict accordance with their details All the standards have been 
fixed with relation to various degrees of curvature and slopes of countryside, 
and as both of these change incessantly along the road, it is not possible to 
judge correctly whether the standards are satisfied. The standards should, 
therefore, be laid in a much simpler manner. For example, in Table I, the 
minimum width has been specified as 12 feet for open country and bazars; 
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and 8 foot to 12 foot for various side slopes and curves, and only 8 foot on 
bridges. A specification of 10 feet minimum increasing to 12 feet on curves 
of radii smaller than 100 feet would havo been much simpler. The speci- 
fied width of 8 feet on bridges is too little In Table II. a gradient of 1 
in 5 is too stoop to bo specified ovon for fiat curves and straight portions 
A specification for a maximum gradient of 1 in 10 would havo served the 
purpose bettor. 

The radii of curvaturo specified in table III are too difficult to follow. 
Fixing of a minimum radius of 25 feet would bo moro suita bfo. The stand- 
ards laid down in Tables IV and V do not at nil appear necessary to be 
specified if the standards fixed for width, and the radii of curves are 
folio wod. These specifications, therefore, are only of an academical and 
thoorctical value, and cannot bo practically applied. They aie, therefore, 
not suitable to bo adopted by the Indian Hoads Congress, and require 
amendment- 

Mr Syed Arifaddiu (Hyderabad-Deccan) ; — Wo have all read tho 
piper on Lay-Out of Ronds by Mr. Trevor-Jones and I am sure, with great 
interest, which tho importance of tho subject demands from us. As ho has 
stated m the Introduction, it is meant as a draft chapter to bo included 
in tho proposed : “Code of Prnetico for Hoads". There is no doubt that 
tho Author has taken a good deal of pain in collecting tho information and 
putting it in tho form in which it is now placed boforo tha Hoads Congress for 
deliberation. Tho subject is a very wide ouo and a good deal can be said 
on various points and more can be added. Theio nro many points on 
which there may bo a good don! of difference of opinion and quite justifia- 
bly too. Different experiences under different conditions havo created 
different impressions on our minds and therefore our judgment with 
regard to tho suitability of certain proposals must necessarily bo different. 

The subject by no means is yet exhausted. I doubt whether wo can 
do justice to the paper of such -importance by discussing it in the 'Congress 
at this stage, especially as tho tirno given to us this year was much too 
short. 

I would recommend that in nddition to discussing the paper now 
furthor opinion of tho members of tho Congress may be invited and those 
who choo«o to give the opinion may send it to tlio Technical Committee 
by a certain date. 

In this connection I would like to recommend one more thing. 
Instead of giving definite opinion, it would ho more rational to think of tho 
limits within which it may lie For instance, refer to para 7 page 8(k), 
Carnage width proposed for ‘Class I Trunk Hoads or Urban* is 20 feet and 
for ‘Clas* I Rural’ it is 10 feet. It would bo better before fixing it as a. 
definite width to think within what limit the width ought to be. It * s 
Quito possible that for ‘Class I Trunk Roads* tho opinion may differ from 
18 to 24 foot and for ‘Class I Rural Roads’ it may differ from 10 to 16 feet 
Similarly opinion will differ with regard to tho land required ns mentioned 
in para f* Hero again if wo form an opinion with regard to the upper and 
lower limit and then suggest wlmt we consider to be a fair width I am 6uro it 
will bo inoio correct and more useful. 
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I hare some views of my own with regard to the practical way* of 
dealing with tho survey operations which will not on!) avoid waste of time 
in doing unnecessary works hut bring out all salient features, on which th<* 
alignment and tho design of a road depends, in a very short time and with 
tho least amount of labour consistent with the configuration of the country. 
I would like to placo it before tho technical committee, as 1 hivo not had 
time to deal with it here. 

I would like to suggest hero that like the table of super-elevation it 
would bo better to print tables for vertical and transition curves. Similarly, 
a table may bo added showing tho widening of tho road formation neco«sary 
at tho inner side of tho curvo for different degrees of cursaturc and for 
different limits of visibilities. 


There is an important point about which it will bo better to obtain 
the opinion of various engineers and incorporate it in tho Cede Some 
engineers have the opinion that tho ro.id must, as far as possible, bo on a 
bank of at least 1 foot without which thoy do not kclievo that effect no 
drainage can bo obtained They do not seem to have faith in the side 
drains, and for this reason they do not mind introducing many changes of 
grade. Particularly when the soil contains mere clay and less grit, such 
as black cotton soil, they insist on bank There aro others who giro greater 
importance to fewer grades and would like to propose long and easy grades 
consistent with economy, and for this reason they would adopt hanking 
and cutting freely and would not mind if the formation line is just scraping 
the ground They would depend on making the side drnins efficient 
Where banking can be provided without increasing changes of gradients 
unduly, they will gladly propose it. I, for one, hold tho latter view. This 
matter must be thrashed out properly and final opinion should ho incorpo- 
lated in the Code 


Colonel G E Sopwith (Calcutta) • — Tho maximum super-elevation is 
suggested as 1 in 12 for radii less than 500 feet 


It may interest members that on the Frontier we used to have a 
.ule-of-thumb (I do not know if it has since been revised) which proved 
very ory . The lormnla was '. 

Slope =lin | 

with a maximum slope of 1 in 7, where R is the radius in feet. 


For a radius of 35 feet, slope used would be 1 in 7 and also for a 
radius of 49 feet. For one of 100 feet, slope would be approximately 1 in 14 

The slope was uniform from tho outside of the road to tho inside drain 


Very elaborate * • ng super-elo- 

vation in America and , desirability 

of controlling speeds rc ■ . . . -.elevation is 

required on lull road by time and 

distance methods and automatic control by variation in super-elevation is 
not a practical necessity. 
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I am aware that 1 in 7 is regarded in some areas as too high, especial- 
ly (or bullock-cart traffic, hut the formula is a useful and simple ono and 
the maximum to bo allowed can bo varied according to individual experience. 

The maximum gradients given by the Author on page 1G (k) seem very 
largo. In the Khyber, thero is for a distance of about 2 furlong a gradient 
of 1 in 11. Motoiists donot meet this with friendliness and I think they 
would view a slope of 1 in 5 with something approaching hatred. 

Mr H. I. D, Mufti (M.E.S) : — Reforol utter a word of criticism, I feel 
it my duty to thank the Author of the paper to whom wo are indebted for the 
pains he has taken in compiling the draft chapter on Lay-out of Roads to be 
included in the proposed Code of Practice for Roads, to be issued by the 
Indian Roads Congress. 

I am afraid, I cannot add much to what the previous speakers have 
already said but have a few points to observe : — 

As regards ‘Acquisition of Land’ {vide para 4 of the paper), I would 
observe that the necessity for acquisition of land depends upon a number of 


factors which vary in each locality such as 


(a) Traffic conditions, 


(6) Width of the Road, 


(c) Cost of land. 


As a result of my personal experience on 

Indian Roads. I suggest the 

land acquisition should be as follows : — 


Class I 

150 to 200 feet. 

Class II 

100 feet. 

Classes III and IV* 

80 feet. 


In case the cost of land is high, the above figures may be reduced to 
100 feet or more for 1st Class Roads and 60 feet for II and III classes* 

In paragraph G of the paper the widths of roads in plains only have 
been given ; minimum widths required at hills should also be mentioned. 

Paragraph 7 of the paper has already been dealt with by previous 
speakers, but it is not clear as to what would be the classification of Roads 
II. Ill and IV. The width in each case is shown as 10 feet ; it should be 
further elucidated. Moreover, in this there has been no mention about the 
total width required in each class of road including beims, as well as the 
widths over embankments and through tunnels Under this paragraph, 
perhaps it vs ill be preferable to mention the width of soling required for each 
class of road which is usually one foot more than the specified width of the 
road In order to classify the roads, I wonder if we should also give some 
data with regard to the standards of traffic for which the road will be used. 

.. As regards paragraph 10 of the paper ’Super-elevation' for curves of 
radii less than 500 feet should also be given. I suggest gradients between 
50 and 100 and then from 100 to 500 Blind curves also need mention. 
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Regarding paragraph 11 of the paper, 'Ruling gradient*' of 1 in .10 for 
plains seems too much 1 in IS or l in 20, I think, is good enough It i« 
preferable to mention maximum and minimum gradients 

The statement “Maximum Gradient 3 in 15 in stretches not err^lmg 
300 feet" is not clear. Tho gradient at curves up to 1 in 15 can l<o alien eO, 
hut this depends upon tho radius of tho curve 

As regards paragraph 12 of tho paper, I would hko to suggest that in 
long stretches of slopes, wo should have horizontal portions of ahout 100 
foot to 200 feet at distances of about half a mile 

As regards tho camber for water-bound macadam roads, tide para- 
graph 15 of tho paper, personally I think that in order to bo ablo to keep tho 
cars in control while driving at a high speed of saj 40 to 50 miles per hour, 
it should not bo more than 1 in 48 

As regards paragraph 17 of tho paper, a distance of 5 feet from tho 
edge of berm for planting trees seems to me too little. This should really 
depend upon the class of the road and should bo more for narrow roads— JO 
feet from edge seems reasonable 

Regarding paragraph 18 of tho paper, tho ‘minimum distance* of 
borrow pits from roads should be fixed I suggest that it should be 10 feet. 

As regards paragraph 25 of tho paper, I would like to suggest that the 
width on culverts should be the full width of the roads and should be fully 
metalled specially on hilly roads. 

The following points may also be added to the paper — 

1. Width and slope of berms I suggest 4 feet and 1 in 40 in 
plains 


Width of culverts: 

I suggest 



Class of Road — 

First. 

Second. 

Third. 

Maximum 

. 27 feet 

24 feet 

22 feet 

Minimum 

. 20 feet 

18 feet 

16 feet 

Normal 

24 feet 

20 feet 

18 feet 


3 Head rooms in Tunnels and over Bridges • I suggest at 
centre— 13 feet, minimum over side of roadway — 8 feet, for 
all classes of roads. 

4. Thickness of soling . This must depend upon traffic and the 
material of the soil over which tho road is made. I suggest • — 

(a) Using quarried bard 6tooe ... 6 inches. 

(b) Using Small boulders • . 9 inches. 

(e) On embankments and soft places 9 inches to 12 inches. 

Mr. Jagdish Prasad (Government of India) : — I would only say a few 
words on super-elevation, para 10 of the paper. I think the table of Super- 

/ 
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elevation is unscientific becuuso the speed value of a curve depends on tbs 
deviation angle and tlio super-olovation, which is related to speed, should also 
depend on the deviation angle. For a curve of radius 1,000 feet, a super- 
elevation of 1 in 21 is recommended. A reference to “Curve Design" by the 
well-known authority, Professor Royal* Dawson, will show that this super- 
elevation is only suitable for deviation angles between 10 degrees and 15 
degrees. For wider deviation angles, the super-elevation for tlio same curve 
will have to bo about 1 in 10 Ilonco, tho table is not correct for nil devi- 
ation angles and it is correct only for a certain rango of speeds It is, there- 
fore, desirable to have a table which gives values of super-elevation for a 
definite range of speed and for definite rango of deviation angles. 

A similar table for sharp curves on hill roads should be added so as to 
cover curves sharper than 500 feet radius. 


Mr J. N. Das Gupta (Calcutta) : — Wo are all thankful to the Author 
for raising this very important question of lay-out of roads. Mr. Jagdish 
Prasad has referred to the points that I wanted to speak about. I would like 
to raise some points now about super-elevation This is growing up in impor- 
tance every day. Specially in case of arterial and interprovincial roads. The 
Author has suggested adoption of super-elovation without specifying the types 
of roads and the speed of tho vehicle. For any fixed raidus, the super- 
elevation necessary varies directly as the square of the speed of the vehicle 
and inversely as the friction of the surface which again depends on the 
suifacc condition. 

From the table supplied by the Author in bis paper, it appears that 
naturally he has adopted increasing rate of speed for increasing radii of the 
curves, and as far as I could work out it varies from a speed of 30 to about 
GO miles an hour. 


It would be very helpful to the members if the Author will enlig > 
us about the formula he has adopted for working out the figures in the 
table including tho constants he has used, and if they were obtained as a 
result of experiments carried out or of observations made. 


There is another point which strikes me in paragraph 15 as requiring 
some notice. The camber of 1 in 48 to 1 in 60 suggested by the Author 
appears to be unsuitable for places where there is a high intensity of rain- 
fall, and the camber should, I think, be regulated by local conditions in 
setting up standards. The auggested camber may be alright when the 
surface is treated, but in ordinary macadam road in places and provinces 
where rainfall is high and very' intensive, it appears to me that 1 in 40 
would be rather on the low 6ide sometimes. Camber in the neighbourhood 
of 1 in 36 would be the proper thing to adopt to ensure proper drainage of 
tho road, so very essential for its proper maintenance. 


Mr. K. G. Mitchell (Government of India) : — I think we are probably 
all agreed that it is extremely difficult in so small a volume to cover all the 
ground. I agree with Mr. Arifuddin who has said that if you are going to 
condense it to this volume you must specify limits of dimensions instead of 
actual dimensions. Actually this Paper covers the space in which text books 
of hundreds of pages in length have been written by any number of people, 
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and it is extraordinarily difficult to condense it. At the same time, it is a 
very valuable contribution, in the first stage, of seeing whether we can evolve 
a general code of practice within broad limits and pointing out things 
which are to be avoided and which are at present practised and which are 
universally adopted throughout India. 

I would like to make one or two remarks on the Paper in detail. It 
starts with traffic surveys. My proposal is that we should guard against 
having such surveys merely because you have them in some other countries. 
I think, in the conditions in India, if you are going to develop a road in any 
area, the best course ib not to make a traffic survey on that road or track 
but to take traffic which has developed under similar road and agricultural 
conditions and under similar densities of population elsewhere, and that will 
give yon much better result than any ad hoe traffic survey on the site. I 
remember the first road in the Punjab which we tried to improve as an 
earth road generally possible for wheeled traffic Within a few weeks, all 
pack-traffic was replaced with bullock -carts, motor-buBeB and tongas, and 
any traffic survey made before improvement would have been useless The 
only way is to take a similar road m a similar area and to see what the 
traffic is on that 

Then, in paragraph 3, there is a certain amount about "amenities" 
but there again I think that one of the principal things to remember 
in India is that the most common fault, again as Mr. Arifuddin has 
pointed out, is to make road on a high bank. There are a large number 
of road engineers who seem to have been educated on Railway Engineering 
text books Thej get hold of the longitudinal section of the ground for a 
projected road and delight in using a long straight edge to get great lengths 
of one gradient regardless of unnecessary filling. High roads in modern 
conditions are dangerous and expensive to maintain. It is necessary to 
have roads that give you a feeling of comfort and safety at all times. 
Some of the best and most inexpensive roads in India are in Jaipur State 
in Rajputana. Of course, the cost of material is not high there. The 
crown of the metal is not more than 9 inches above the natural surface and 
you have got a wide formation, which is cheap to provide and to maintain, 
and you have the satisfaction that when you meet a bullock-cart, you do 
not risk its turning over Too high banking, in my opinion, is one of the 
greatest defects of many of our roads and I think that is a most important 
thing to remember. ' * 

There is another point in regard to paragraph 5 Aesthetic considera- 
tions have to be remembered, but are often forgotten in the case of 
approaches to a bridge. Some of our bridges are works of art but the 
engineer plans, as far as possible, a straight run on and off, so that no one 
using the road ever sees the bridge in elevation. I do not suggest that you 
should put in tortuous approaches, for the sake of merely showing off your 
bridge, hut where it is possible, the fact that & thing of beauty should be 
seen, shoud be borne in mind I have no quarrel with what the Author 
says about avoiding curves on approaches to bridges — bnt if there are to be 
curves, then the lay-out should, if possible, afford a sight of the bridge. 

Again in paragraph 7, I would like to say that although the Roads 
Congress has adopted 10 feet width as the standard traffic lane, I think 
this should be qualified by saying that single-lane bridges should be 
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12' feet wide. We have 'all sorts of traffic to deal with, not only 
vehicular traffic in regular lanes. I think, we should agiee that for a 
single-lane bridge, 12 feet is infinitely better than 10 feet In paragraph 7, 
the Author discusses standard width, from the point of view of classification 
based on importance of providing through communications. That is all 
very well if the import mt roads from that point of view also carry the 
densest traffic But that is not the case. Traffic increases in proximity 
to towns, and almost any road within five miles of a town carries more 
traffic than the most important through trunk road in the depths of the 
country The fact is that in this, as in so many other things. Indian 
conditions are peculiar*— the ratio of short distance to long distance traffic 
being very high. One thing about widths which I would like to see abso- 
lutely standardised is that, through small townB and villages, all roads should 
be provided with say a twenty feet wide dust-proof surface. This is abso- 
lutely necessary for public safety and health. It is very easy to criticise, 
but I cannot refrain from remarking that the Author in paragraph 7 in 
suggesting standard widths, assumes that *’ Motor-cars travel five times the 
average speed of bullock-carta.” Well, of course, bullock-carts go two miles 
an hour and I do not think that this is strictly accurate. 


There is only one other minor point, I think, at the end of paragraph 
17 about the width of avenues. There is a lot of argument as to what 
should be the width between trees across the road. People usually plant 
much too close because of the feeling that if you plant too widely nobody 
gets any benefit, for some years. But after a few years you find you are 
very cramped. That is a point on whioh I think something should be laid 
down Again, in paragraph 17, the Author rightly emphasises that you 
Should avoid deposits of loose materials on road lands so that the spare land 
may be used hr bullock-oarta and bo on. You can remove loos, materials 
but it is very espensive to fill your borrow pits, which should be prohibited 
ever more strongly. 


In paragraph 19. parking place. I would add 'cart stands' also which 
ar® equally or more important. 

Mr C. D. N, Meares (Calcutta) : — Only one comment suggests itself in 
these two papers read together. In Mr. Trevor- Jones' paper paragraph 4, page 
7 (k) ‘‘Acquisition of land : When acquiring land for new roads or road widen- 
ing, the opportunity of obtaining some return for expenditure on road works 
from owners whose lands are likely to be benefited hy the work should not 
be overlooked.” Now if you turn to Mr. Troll ip's paper, page 7(wJ, you 
will find he makes some very idealistic comments about service stations and 
petrol filling stations. We all agree it is very nice to have a station 40 feet 
from the road I would like to ask him, however, who is going to P*y fi> r ft 
Aa soon as a road is built the land value goes up at once : if you then try 
and put up a service station the adjacent owners hold you up on the question 
of rentals I would like to suggest that when anv authority acquires lands, 
the question of petrol service stations should be taken into consideration. 
After all, l think you will agree, that petrol facilities should be considered 
a public service. As such, provision should he made for them when plan- 
ning any new road or improving old ones, and land should he acquired for 
the purpose, while the road land itself is under purchase, otherwise the land 
value will go up to more than an economic limit for service stations 



The tahles in Mr. Trcror-Jones* paper d***! with curve* nf r»dti 
500 feet and upwards The majority of the ben it in otir 1ml rnvU h»i<* ■ 
radios of less than 300 feet 


When we started hanking the curves on our lull roads the fir«t thins 
to do Was to discover their radii The following procedure was therefore 
adopted (vide sketch in the note on " Hanking Curves on Ho ids '* reproduced 
on page 37 (k2) ns Annex). 


Thus all you have to do is to set up your prismatic compass at point 
A and find out the sire of that angle. Then mcasuro the lengths of the 
tangents A B and A C. 

A reference to the table (vido Annox page 39 (k 2)), which has beo n 
worked out on the drawing hoard and not from any formula, then Rives >ou all 
the information you require to lay out your super-olevatod formation levels. 

I have sent the Secretary a copy of this diagram and tablo and hope 
that when it appears in the printed proceedings, it will be found much loss 
complicated than it may now sound Its groat merit is its simplicity 

From practical experience gained while hanking tho curves on our hilt 
roads, we evolved the following specification as regards the amount af super- 
elevation to be given : — 


Super-elevation shall in no case exceed the following limits — 


For curves of radii up to 100 feet 
100 to 200 feet 
200 to 300 feet 
300 to 400 feet 


1 in 6. i 2 inches per 
tunning foot of road width. 

1 in 8, » l£ inches per 
running foot of road width 

1 in 12, t.e , 1 inch per 
running foot of road width 

I in 1G, if, $ inch per 
running foot of road width 


There were two points mentioned by previous speakers I should like 
to comment on 

The first is regarding the maximum gradient permissible on roads in 
the plains 
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As far aa I could hear, suggestions ranged from gradients of 1 in 18 to 
1 in 50. 

In Assam we specify that the gradients on approaches to bridges, 
which have to be raised to allow country boats to ply under them, shall not 
exceed X in 40 and wo prefer 1 in 50 to 1 in 60. 

If you have steeper grades than these and take the bridge at over 40 
miles per hour you get a bad bump. Flat grades for approaches to culverts 
are essential. 

If you are travelling at 50 miles per hour and suddenly come on to a 
hog-backed culvert unawares, you emulate a rocket with often disastrous 
results 

The other point is the width of traffic lanes. Mr. Mitchell, I think, 
said that we ought to record 12 feet as the minimum width for the running 
surface of a single lane traffic road. 

In Assam we cannot afford to make our bridges wide enough for two 
lanes of traffic, and have recently adopted 12 feet as the minimum clear 
roadway width. Several of our older bridges have a 10 feet clear roadway 
width only, and this has been found dangerous especially when passing 
pedestrians. Also, our road maintenance planers are over 9 feet wide which 
makes the passage of a 10 feet wide bridge a ticklish matter. 

Mr W. Lawley (N. W. F. P.) Several speakers have already com- 
mented on super-elevation. This is of particular importance in the roads of 
the Bannu division where most people, to avoid the possibility of being 
sniped, are anxious to travel as fuBfc as possible around corners We vary 
the super-elevation according to the radius of the curve, with a maximum 
of 1 in 6. 

Regarding road camber, to avoid rutting caused by traffic bugging the 
centre of the road, we are now metalling some of our tar or bituminous 
surfaced roads almost level, i.e , with a camber of 1 in 144, t.e., £ inch rise 
in a 12-foot wide road. 

I should like to say a word regarding the question of road widths In 
the N. W. F. P., it is usually possible, within a few miles of any road, to find 
some sort of stone or shingle with which a strip of berm can be stabilized. 
Where Buch conditions exist, a minimum road width of 9 feet, and 16 feet 
for double lane traffic, is possible, and desiiable in the interests of economy 

Mr. W. L. Murrell (Chairman) : — These two papers are of the greatest 
interest to me because I was made responsible for a detailed reconnaissance 
of the Bombay-Calcutta Trunk Road in Bihar, and for the submission, last 
year, of the detailed estimate for about 50 miles of it. 

Ab regards the over-all width of land required for a new project, I 
rather think that Ur. Trevor-Jones 1 figure of 150 feet is too low for a mini- 
mum, in the case of a modern Trunk Road. 
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In Bihar we are allowing for future dual ways for fast traffic, and 
for the segregation of 6low traffic, for tho Trunk Road. 

The idea is first to construct two-road formations only One of these 
will carry an 8 feet wide cycle track, plus mixed fast traffic. Tho other 
foimntion will cairy the slow traffic 

These two initial formations have been arranged so that, when the 
time comes to have dual lanes for fast traffic, tho present fast road formation 
can either he widened or duplicated, the culverts and minor bridges being 
duplicated 

The arrangement of the different formations is much too complicated a 
matter to discuss here, but it necessitates a land-width of 160 to 180 feet, 
even in fairly level country 

Where there are to be heavy fills or where side-slopes are steep, the 
over-all width required is even greater. 

Even with these land-widths, and even including lands for permanent 
buildings, material and plant depots, parking places and additional width 
near habitation, the amount to be paid by way of compensation for 
permanent and temporary land acquisition is estimated to be less than 
7 per cent of the total cost of the trunk road project. This includes the 
cost of acquiring “busti”. 

As regards the amount of surface widening which Mr Trevor Jones 
recommends for curves, presumably bis amounts take into consideration only 
those cases whero visibility is good. 

I would suggest that the amount of widentng be much greater for 
blind corners. 

As regards super-elevation, it is noted that Mr. Trevor-Jnne3 does 
not propose to allow a steeper super-elevation than 1 in 12 for curves of 
radii less than 500 feet 

Where visibility is good I think more speed should be allowed, and 1 
in 8 is a more reasonable super-elevation for a curve of 50 feet radius, than 
vt 1 w. li. 

I am afraid I disagree entirely with the proposal that the gradient 
should be flat at hair-pin bends 

This seems to be a survival of the old days when the roads engineer 
stopped his burjjy on a salient or spur to rest lus horses and to admire the 
view. 


There are many reasons why the level portion should be just on the 
up-hill side of the hair-pin bend : — 

(») Hiving slowed down to take the sharp corner, the ascending 
motorist wants a level stretch of 100 to 150 feet above it in which 
to accelerate his vehicle. 
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In addition to this, wherever the Trunk Road passes near existing 
habitation, I decided to take an additional 50 feet width on each side, mak- 
ing about 280 feet in all 

It had been iKv intention to use these 50 feet wide strips ns buffer 
lands to avoid encroachment. The idea was for the local Got eminent to 
lease out all theso lmds thiough tho Ivhas Mahal Department for periods of 
about 10 >ears, as the Kins Mahal Department lias tho machinery for col- 
lecting rents and for defending title 

Tiie detailed estimate for tho Trunk Road was submitted before the 
papers of Mr Trevor-Jones and Mr Trollip wero circulated, and it may prove 
of interest that the Bihar proposals lie between the lecommendations made 
in these two papas. 

Speaking not as Chairman to this meeting nor as a Government dele- 
gate, hut as an ordinal y member, I would like to say that, as regards bye-pass 
roads, all engineers are agreed on the necessity for keeping “through” or 
Truuk Roads well awav from densely inhabited areas. But, in India at least, 
the politician does not always agree and, sometimes, the civil authority 
would like to support the politician 

This over-shadowing of the engineer is possible oven when the general 
alignment of a road across the country is being decided on. I would suggest to 
my brother engineers that this danger of interference should not be taken 
lightly, and we should, therefore, do our best either to educato others on 
technical matters, or agitate for constitutional reform that will result in giv- 
ing more weight to the engineer's opinion. 

Having worked on raids in other countries and having seen how ex- 
traordinarily quickly develouments can take place ns soon as the motor 
vehicle is given a chance, I feel that I am in a position to state that these 
two papers are most important contributions to the science of road design 
or lay-out of roads in India. 

Time is getting short, hut I feel that I must mention a book on 
lay-out and road problems which is in the Congress Libiary 

It is a report by the late Mr. W. T. B. McCormack, Chairman 
of the Victorian Country Roads Board, who visited the United States 
of America In this report, one of the most brilliant road engineers 
of our day has picked out and described some ol the finest features ol 
recent American practice 

I see there are still others who have something to say cn these two 
pipers, but I am sorry that our time is up 

Would you members very kindly address your remarks as 
Correspondence " on these papers, to the Secretary so that they can 
be printed with the Procceedmgs 

On behsll of the Congress / thank the Authors, Messrs. Tr»ror-Jone 3 
and Trollip, for their very interesting and valuable papers, also those 
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members who have spoken on the papers, or who will write on them. 
— (.Applause). 

Mr R. Trevor-Jones (Author) : — If I reply to all the discussions 
and correspondence I have had on tho paper, wo shall he here for a 
considerable period, but I will try to reply, as briefly os possible, as I see 
we have only eight minutes left. I shall, therefore, refer to only a few of 
the questions put by each speaker. I think jou are all very difficult to 
please; but I expected that. 

Mr Pennell and various other speakers want to introduce a steeper 
cross fall for superelevation, steeper than 1 in 12 Mr. Pennell refers to 
a Public Works Department Paper whore cross grade is os large as 1 in 8 
for curves upto 100 feet radius. The Ministry of Transport in England will 
not allow a greater slope than 1 in 16 and although I have put in 1 in 12 
for curves upto 600 feet, I think this is, if anything, on tho steep side. I 
am fortified in these remarks from a roccnt paper in the Journal of tho Insti- 
tution of Civil Engineers by Mr. Aldington who gives reasons and 
calculations why cross falls should not be more than 1 in 16. 

Mr Brijmohan Lai, criticised the standard of 2,000 vehicles as too 
low for two-lane provision on metalled roads. Ho says that this would 
affect only about 500 miles of road in tho Punjab immediately. As we 
have only 150 miles of two-lane metalling at the moment, an immediate 
increase to 500 would be a tremendous step forward in public safety sad 
public amenity. 

Mr. Mahapatra only wants trees planted on boundaries and 
'whereabouts.' Apparently no double aveuu 0 will be entertained. There 
is a lot to be said for this, as trees on edge of formation are undoubtedly a 
danger to the motorists. Put a double aveuue increases shade for slow 
traffic on side roads. 

I concur in Mr. Syed Arifuddin’s idea that technical committee 
should now consider criticisms and opinions and prepare a final draft 
My objections to bis suggestions that there should be upper and loner 
. f •«- the loner one will be adopted as the goal to be 

a put into practice. Better to stipulate a 
. general principle. 

Mr Surati states’" that traffic roundabouts are now used for mixed 
(fast and slow) traffic. At one time I felt the same, but experiences, in 
Lahore, of roundabouts tend to prove that such is not the case provided 
the amount of traffic of either kind is not excessive- 

Both Mr. Mitchell and Bai Sahib Fateh Cfiand errtiriso the 10 feet 
width units As tho 10 feet w” 11 ’ * * * , — *•“ width for 

a single-lane of traffic in the I ications, it 

seems to me to be inconsisten t . * it of roads 
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The comments of Mr. Surati appear under "Correspondence” < 


page 
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Mr. Mufti complained that there aro entire omissions about lull 
roads and so on. This, I agree, should find a placo. As regards his 
remark that soltng widths should bo 11 feet rather than 10 feet, I think, 
this is a matter which should go in another chapter for this "Code of 
Practice” — possibly a chapter on "Design”. 

Mr Fitsherbert * brought up tho question of the siting of petrol 
pumps on cross-roads. At tho moment I do not think this should ho in- 
cluded in Bucb & chapter bb the one 1 have drafted. It is true that we 
hare made a rule in tho Punjab that pumps shall not ho placed within 300 
feet or 100 yards of a cross-road- There is some opposition to this, hut on 
tho other hand there is the question whether petrol pumps should be sited 
within the roadland at all. 

Mr. Murrell criticised para 11, ‘Gradients.' I can only say that 
these standards wero adopted only laBt 5 ear by tho Indian Hoad Congress, 
and as far »3 I am concerned, they aro hard and fast axiomatic data How- 
ever, in considering the paper under review, no doubt the technical com- 
mittee or whatever unit scrutinizes, will reconsider nil standards previously 
adopted if they consider proper to do so I am tn full agreement 
with Mr- Murrell as regards the overshadowing of the engineer’s advice 
by political or bureaucratic interests and short-sightedness Jf we can pro- 
duce standards which have the seal of the best professional opinion in the 
country, obviously the engineer has a weapon with which to fight the dragon 
of ignorance and prejudice. (Applause). 


CORRESPONDENCE. 

1. Comments made by Mr. W. F. Walker ( Meerut ) by post on 
Paper (k 2). 

There is one point that I should like to raise and that is tho question 
of level crossings over railways 

I find that in many cases where the road originally crossod tho rail- 
way at acute angles the road has been given a sorpontino curvo so that tho 
crossing shall be at right angles to the railway. This arrongoinont may 
have been satisfactory before the advent of fast motor traffic but under 
present conditions, in my opinion, it is a positive source of dangor, because 
the motorist has his attention rivetted on tho curving rond and is unable to 
see whether a train is approaching and whether tho gates aro opon or not. 

In my opinion, the road approach to a lovcl crossing should ho straight 
so that the approaching motorist can see cloarly whether the crossing in 
open or not. 

There is one other point I have found that in many eases railway 
sidings and signals are sited without any consideration for tho convenience 
of road users It is no uncommon thing to find a tram standing across a 
main road merely because the danger signal, at which it is held op, has U<eii 
sited without any reference to the road. 

As regards ‘road-widths', in my opinion, the additional coat of cons- 
truction and of maintenance of a 12 feet road over a 9 or 10 feet road is not 

* His comments appear on pages 28 (in) and 29 (m) under Discussion* «ii 
Paper M. 
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justified- Thu 13 feet toad also encourages pissing motoiists to stick on 
to tho metalled surfico to tho hist minute in tho hops tint they cun 
squeeze past, where is with tho 9 feet road both realise tint this is impos- 
sible ami liotii giro way keeping one wheel on tho pacca* In this 
way tho 9 feet toid in*) ho safer than tho 12 feet road as well as more 
economical. 

2 Comments made by Mr. H. M. Surati (Hyderabad-Dflccan), by post 
on Paper (k2). 

Plea so refer to page 10 (k) pir.igrftph 11 wherein “Maximum gradient I 
m lo m stretches not exceeding 300 feet” is recommended Can this he ap- 
plied without any qualification of surface and nature of trnflie ? In ca*e of a 
cornont concrete rout with 1 in 18 gradient, fur a shorter straight distance 
of 200 loot it is oh served that tho drivers of loaded bullock-carts with great 
dilhculrv tiro able to negotiato downhill and instinctively the off-wheel and 
bullocks mo directed on to tho mu row earth-berm in tho middle of their 
lournov I think there should ho different maximum grade limits for different 
surfaces, keening in view tho nature of different traffic by which th« load 
will bo used. 

Please refer topige 14 (k), para immediate!) under sub-para (7) of (21) 
wherein ‘ roundabouts" nio recommended for continuous movement of 
traffic resulting m greater flow as complied with ‘Stoll and Go.’ ft is sub- 
mitted (hit ahiinsc all ou i cities lmvo got a fair proportion of slow moving 
trallic and vehicles .such as cvrts, horse-drawn vehicles, tongas etc With- 
out am further regulation of traffic lanes, all vehicles, whether fast or slow* 
moving, i ike to the inner s»ide of the road round tho roundabout, causing 
consnlci tide impediment to the movement of traffic on a fairly busy junc- 
tion. Around a roundabout, the road becomes one Jano for all vehicular 
traffic and ,-an he of advantage only when the other kind (« e Slow or Fast) 
titflic is practicallv negligible 

3 Reply, by Mr. R. Tcevor-Jones (Author), received by post, to the 
comments of Mr. W. F. Walker, on Paper (k 2). 

I »m grateful to Mr. Walker for raising the question of level 
crossing* over railways. I quite agree that somo specifications for 
such crossings should ho provided in a chapter on the Lay-out 
of Roads* in the “Code of Practice." It might bo of value to 
include cortiin items from tho Government o! India, Railway Department 
(Rail wav Board) "Classification of, and Standard Specification for. Level 
Crossings" No I R S (M) 2 of May 1923, revised June 1931- Lems 11, 

13 and 13 of this appear to meet tho points raised by Mr Walker and these 

aro reproduced for ready reference on tho next page* At the 

time tho question of other crossings, such as water-courses and canal*, should ' 

ha specified, and ' w. t . .. .i . K m-vrtico taken 

from the Public "■ ’■ , ■ ! * 1 ■* • Orders, 

paragraph S(7S) ■ - *. • ■ ■ * . 1 terred to 

are inoreh provincial and will hare to be suitably amended when classes are 
adopted nod defined by the Indian Roads Congress At the same time, ns 1 
mentioned at Oalcutt », it is possible that such a specification will bo more 
suitably included in a chapter on ’Design of Roads’ It is a mistake to 
provide ami make the field of the chapters in question too wide 
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4. Instructions regarding the use of the table — Experience ha9 shown 
that the majority of curvos on any hill or teelah road have angles (marked 
A in the sketch) varying from 100 to 160 degrees and that the lengths of the 
tangents (marked AB and AC m the sketch) vary from 60 to 100 feet 



Tbs tangents AB and AC must be of equal length and as in practice it 
is difficult to see exactly, where the tangent meets the curve at B and C it 
is best to measure along the road on both Bides and take the mean length. 


The following table shows that the radius OB and OC of the curve 
varies much more with the angle A than with the length of the tangent 
which is fortunate as it is easy to measure this angle accurately with a 
prismatic compass 

Having found the angle A and the length of the tangent a glance at 
this table shows the banking required and no further calculation is necess- 
ary as the length of the radii for intermediate angles and lengths of tangents 
can be arrived at near enough from the nearest given figures. 

5 The super-elevation as calculated will be given throughout the 
whole length of the curve BC. The length of the approaches BD _and CE 
will be : — 

100 ft. for a super-elevation of 2 ,f per r.ft. of metal width 
80 ft „ li' do 

60 ft „ 1' or under do 

the 9uper-elevation rising uniformly from zero at D and E to the full 
amount at the commencement of the curve at B and C. 
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When two adjacent cui ves are so close to one another that there n 
not room to give the full lengths as laid ilo'Vn above for the two approaches.- 
fo) There will be no zero point, the two approaches being laid out 
as above from tho adjacent ends of the 
u 52 K"d£ 3 SJ" l "' 0 curves to the points vhero tlie 
super-elevation falls to or i"perr.ft 
of width, tho remaining intermediate length being laid with tb>« 
amount of supei -elevation* 

(6) A length of at least 10 feet must bo left between the stinting, 
zero, points of the two approaches 
oi^cmtVdiie cVlon s ” whose lengths must he reduced but 
kept approximately proportionate to 

the lengths given above 


6* Table for the banking of curves on metalled roads : — 


Angle at 

A i 

degrees. 

Length of tang- 
ents A B and AC 
tn feet 

Length of iadu 
OB and OC 
in feet. 

Sunei -elevation 
or banking in 
inches per r ft 
of width. 

Remarks. 

1 

2 

3 

* 

5 

100 

mm 

119 

14 

2" per r.ffc- is 



95 ' 

0 

the maximum 



71 

2 

hanking per- 


50 


2 

missible. 

110 


143 




80 

113 

H 



. GO 

85 

2 



50 

71 

2 


120 


173 

14 



80 

138 

u 



60 

1 

H 




86 

2 


130 


213 

i 



80 


!i 



60 

128 

ij 



50 

IW 

ii 


140 


273 

1 



80 

217 

1 



60 

164 

14 



50 

130 

U 


150 






j 80 

292 

1 



1 60 

220 

1 



50 

183 

iJ 


1G0 


Over 300 




80 

Over 300 




60 

334 

f 



50 

282 

1 
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7. .1 telaUed toads Kith an excess thickness of tnelal : — 

(a) The normal thickness of well-consolidated metal maA be taken 

as 6 inches over soling and 9 inches whore there is no soling 

(b) Thus for curves where the super-elevation is small, it is often 
possihle on roads having an excess thickness of metal to 
obtain sufficient filling for tho outer portion of the curve by 
digging up the inner portion to the correct slope until the 
normal thickness of metal is obtained at tho inner edge and 
using the metal thus obtained for rni«mg the outer portion 

(c) As metal thus dug lip is full of dust, it must bo screened through 

a J inch mesh screen- A screen made of expanded metal aa 
per plan enclosed [page 43 (k2)] has been found very useful as 
with one operation it separates out metal, clitpptngs and dust 

( d ) When the cross-section of the road has been brought to the 

correct slope and dry-tolled, these chippings should be spread 
as blindage over which the renewal metal coat is laid so that 
on rolling, the blindage works up through the new metal from 
below which locks the metal much better than when worked 
down with water from above. 

(<) On roads having no excess metal or where tho super-elevation 
is so great that even on excess metalled ro.ids the correct 
slope caunot be obtained by digging and filling, or bj the 
addition of a few inches of extra thickness of new metal 
along the outer edge, it is usually economical to use soling 
stones instead of extra metal 

(/) "Where soling stones are used it should be decided in each 
case whether it will be economical to dig up the metal along 
the outer portion till the old solmg is exposed and to 
build up on that with fresh soling thereby obtaining a large 
amount of old metal which can be utilised after screening as 
stated in paragraph (c) above, or to lay the soling direct 
on the existing surface In any case a consolidated thickness 
of at least 4 inches of metal most be given over the soling. 

8. Method of laytng~out banking slopes. — Experience on the roads 
in the Khasi and Jaintia Hills Division has proved the following to be 
much the simplest and quickest method for giving the necessary profiles 

(a) Tools and materials required : — 

1 ordinary template for a metalled road 
I straight edge 16 feet long 
1 carpenter's spirit level 

1 measuring rod 4 feet long marked in inches from 1 to 40 
String 

Pegs ^ • 

Hammer. 



41 (ks) 


(4) Take the inner edgo of the motalling as datum. The dug-down 
level as explained in paragraph 7 (f») abovo, should bo takon for roads with 
oxcoss metal. Start at tho zero points 1) and V* [ride sketch on 
page 3S (k2)J and aftrr checking tho cro9i -section with tho template, drive 
tn poga at tho outer edgo of tlto motalling and mark tho correct lovet 
on thorn. 

Noxt drive in pegs at points B and C also on tho outor edge of tho 
motalling whore tho full banking commences and mark on them in pencil 
tho height of tho finished road surface- An example will show how this 
height is arrived at : — 

Assumo tho metalled width is 12 feet and tho hanking slope as per table 
is found to bo l J inches per foot width. Tho outer edgo of tho road has 
therefore to bo 18 inehos higher than tho inner edge. Stand the measuring 
rod on tho inner edge immediately opposite tho peg and placo tho straight 
edge agamst the 18 inch mark. Lovol it up with tho spirit level and mark 
where it cuts tho peg. If pegs B and C aro any distance apart, intermediate 
pegs should be givon and similarly marked. 

(c) Since the approaches BD and CE may he anything np to 100 foot 
long, intermediate pegs are required for them also. Keoping to tho above 
example tho approaches for a lj-inch bank aro 80 feet long — vide 
paragraph 5 above 

Drive m pegs along the outer edge of the metalling at tho i, { and 
$ distanoes, *.« , 20 feet, 40 and GO feet respectively from D and E 
where the cross slopes will bo 3 inch, } inch and li inches per r.ft. of 
width respectively giving differences of level between the outer and 
inner edges of 4j inches, 9 inches and 13£ inches respectively. 

Using the measuring rod, straight edge and spirit level as explained 
above, mark these heights on each of the pegs. 

Connect up all tho marks on the pegs from D right round to E with a 
string which then gives the level of the finished road surface. 

y d ) 'When laying the soling remember, there will be 4 inches of metal 
over it so the soling surface must be kept 4 inches below the string level 

Check the slope frequently when laying the soling by the straight edge, 
one end being on the datum level at the inner edge of the metalling and the 
other on the string along the outer edge and remember, the soling surface is 
to be kept 4 inches below this line. 

9. Banhtng gtavelled roads.— {a) All the gravel lying on the length 
between the zero points D and E of the two approaches must first be salvag- 
ed by scraping it off on to the berm along the inside of the curve. 

, . W the string showing the finished level of the surface along the 
corrl f °( *be curve as explained above and earth up the load to the 

o slope checking with the straight edge ae necessary. 
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(f) A* soon at the new earthwork has consolidated and l<er-~ c -c a 
fit state for graTclhng. rc-«prcad the sals aged gravel 

10 Urmi.— (i) The outer berm* aro to bo carthe-l up in cost’tBa- 
tion of the tloj>e giten to the metalled surface to that even if a tefrde f «U 
on to the berm it tc still at the same slope as it would he on the rsetu.lcd 
surface 

(6) On excel* metalled roads where the inner edgo has I wen dug down 
the inner berm must l>e correspondingly lowered and git cn a gentle slope to 
the roadside drain which will probably ha\o to l»o deepened. 

(c) In all cases both for metalled and gras died roads the inner l>crm 
should be only giten a gentle alopo toward* Iho roadside drain or edge of the 
embankment and grass encouraged to grow on it 

Enclos ‘—Sketch of screen referred to in paragraph 7 {■■) 


Dated Shillong. "| K U l« i’m 

The 7th August 10311 J Superintend!*,' JN * **«•■**. 
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Mr. K. E. L. Pennell (Chairman) • — I call upon Mr. R. Trevor-Jones to 
introdnce his paper K (I), on “Collection of Material for and Consolidation 
of 'Water-bound Macadam”* 

The following paper was then taken ns read • — 





1. Collection in stacks. — Metal should bo stacked at loidsulo in con* 
tiimoii? sticks of uniform sections lcaring only such Rips for drainage as may 
1)3 onions! hi’ the engineer in charge. It is important that such stacks aro 
Incited absolutely cleir of tho roul formation, (i.e., outsitlo the road berms). 
In bill sections, metal should bo ‘•ticked on special platforms oi sidings located 
ofT tbo load way at suitable intervals (say two furlongs}. 

2 Measuiements — In order to allow for loo-o stacking, stacks should be 
13 inches high but mcastued as one foot. Tho stacks should l>o of such 
section as to give sufficient metal for the stipulated thickness of coat on the 
coitcs ponding length of road. "T'amias” or gauges, should be constructed 
accordingly and checked pcrioilically. 

3. Geneialr — Metal should not ns a rule be collected before it is actually 
icquircd. Consolidation should not commenco until all metal required in 
tho mile or portion thereof concernod, has l>een collected and measured 
Collection and consolidation should !*• usually carried out by full miles 
except in largo cities and towns 

(Xole on Design of Wat ti -Bound Macadam.) 

It is usual in India to specify a lj inches thickness of metal Tin's is in 
all probability hoavier than necessaiy particularly if tho suifaco is to bo water* 
proofed In an ordinary water-bound macadam road, the metal is nil, mote 
or less, of one size and consolidation is obtained by cementing tho stones 
together by rolling dry and then wet. 

Each piece of metal is beuded in splinters, and chips arc broken off by 
intensive consolidation Tho romaimng voids aro grouted with stone dust 
farmed by trafhe. 

Working by this method a thick coat of metal is a necessity since con- 
solidation of a thin coat cannot be effected. 

If the’ metal is properly gradod, a much thinner coat can be used. Each 
piece of metal is embedded in smaller pieces specially put there by proper 
grading. The voids aro filled with clay and stone dust which should be 
forced up from underneath during consolidation. This grouting material has 
a far better bedding effect than stone dust alone The bedding of each piece 
of metal is the most essential feature of tho wealing properties of a road as it 
is the gradual wear of one paiticle against another which finally accomplishes 
its destruction. This wear will not occur if the metal is bedded in properly. 

Grading the stone means that the proportions of each size are so arranged 
that there is a minimum of voids in the mass of tho aggregate. The object 
of pre-grading the metal is to reduce to the minimum the interstices between 
the particles when they are laid, and thus to cause the particles to interlock 
and form a full bonded surface. Pre-grading is paiticulaly advisable wheie 
thinner coats of metal are used. If the inetal is all of one size it will not 
interlock propeily and theie will be large and numeious interstices. Such a 
surface, though it may look all light at first, tends to disintegrate rapidly 
under traffic and the road bleaks up. 

, *? n or ^ er fiecara proper grading, a lepresentative test should be made 
of the metal in the consignment being used, 
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As an example, a suitable grading might be' — 

1 inch to 5 inch 

2 „ to * .. 
i to i „ 

Ftono du-t filler 

Take about 5 cubic feet of the metal tb.it is supplied Find out the 
propei lions of each of the vbivo l>\ -ei ceiling them out of the sample 

Should a v trillion of 10 pet cent or nine appeal in .an\ particular si/e it 
is better and cisiei to add ,a ti\el .unmmt <>f ,un -i/e deficient than to 
attempt to screen out an evccs* 

4 Snifaee Scorinj . — The surfaco of the old metalling or of the sohng as 
the case may be, should l*o thoroughly cleanci of all dirt In the case of 
old metalling, ridges should bo cut and metal thus obtained used to fill luts. 
The whole surface should bo then scotcd with lines about 1^ inches deep and 
about 12 inches apart, in o'der to provide a hey The full working width 
must be demarcated with picks working along properl) aligned strings. 

(Noti: — Tn ccitain localities it is customar) to place ^ inch layer of earth oi 
"moorum" to act ns a cushion and to woik up between inteistices 
of metal The efficacy of this arrangement is doubtful) 

5 Kdqmq of bunds ot “Daula s” —When the old surfaco has been bl ought 
to the camiior that tho finished load is to have, two parallel bunds of clay 
puddle, D inches wide and G inches deep, should be made along the outer 
edges of the metalling The bunds should be laid straight, true and parallel, 
having a distance between them equal to tho width to bo metalled. The 
bunds should ho strong enough to prevent the new metal from spieading as 
well as to retain tho wator used in consolidation. \ 12 inches width of beims 
will he undo up at tho same tune to act as backing for the bunds 

C> c 'nmbei —If tho consolidated macadam is to be sui faced with a water- 
proof subst mcc, such as Bitumen oi Tar, the camber should be not steeper 
than 1 in GO If suif icing is not proposed, tho camber should be not steeper 
than 1 m 3G u i flatter than I in 48 (See also para 15 on “Cambei” in Paper 
No. X UD on "Layout of Roads”). 

7 Supei -elevation.— See para 10 on 'Super-elevation', in Paper No. K (II) 
on Layout of Roads” 

8 Spicadnirj Metal — The metal should he raked off the stacks with 
baskets, screened if dirty, and spread evenly over the surfaco to make up full 
coat required. The metal should be handpacked, bigger pieces of metal being 
placed below and smallei pieces in tho interstices of the larger. There should 
bo no necessity to withhold any metal to fill up places which sink on rolling if 
work m paragraph 5 above has been properly carried out- 

9 Templates —The metal should then be spread between the bunds to 
tho camber of the templates provided. Three templates should be used with 
a distance of approximately 25 feet between each. The top lav er of the metal 
should be dressed by hand between the templates The templates should he 
removed m rotation so that the last two templates are alwavs in place to 
level Up the new length. When a template is removed, new metal should^ be 
added and packed by hand and tho void filled up. On corners, similar 
templates are required but with straight profiles in place of cambered 

l 


35 per cent 

30 

30 



profiles. Sots of tlieso for different cross slope* (7j, 7n 7,s, and 7n should 
suffice) aro required and each must ho clearly marked w ith its slope. 

The transition strips between camlxircd sections and hanked curves imi't 
ho sptoad hyoyo as gauges or templates cannot he used. But in nil cases the 
edges to thn metal must ho cleat lv defined hj lines 

10 Level . — A spirit level should invaiiahh he used with the template to 
ensure that tho edges of the metalling aio tmU level. 


11 Rolling and Consolidation — Tho metal should then he rolled, com- 
mencing at tfic edges and working towards the centre. Tim metal is to bo dry 
rolled until well compacted and thero is to ho no appreciable movement in the 
metal when walked upon, or no appreciable wave in front of an advancing 
roller. Tho whole metalling should then ho thoroughly watered and kept 
saturated and tho rolling continued until tho consolidation is finished to tho 
satisfaction of tho engineer in charge 

{A rough tost for finding, if consolidation has been satisfactorily completed, 
is that a loaded cart should leave no indentation when passing over the 
finishod work. Another test is that if a piece of metal about tho size of a 
walnut is put on tho surface and a roller passed over it, it will ho driven in, 
if tho consolidation is incomplete, but will ho crushed when it is finished). 


12 “Bajn” Binding or Blinding — When consolidation is practically 
complete and uot any earlier, tho blinding material or " bajn ” which has been 
provided (and which should contain no clay or organic material) should ho 
spread ovenly over tho whole suifneo and ho of such a thickness as will when 
watered and rolled, only just fill all interstices. After the spreading of the 
blinding material, tho surface should ho woll rolled and watored to such 
an extent that tho blinding material is formed into a slurry. Tho slurry should 
bo brushed slightly with besom brushes backrvaids and forwards in front of 
the working roller and the rolling and brushing should continuo until the 
surface is passed by the onginoor in chargo. 

Not moro than one furlong of road should ho under operation in any one 
mile at one and tho same tiino 

13 “ Bajn ' Measurements not to he added .— Tho blinding material should 
bo absolutely free fioin dust, sand or clay and should bo screened before use, 
if necessary Tho cubic contents of the blinding material should not bo 
measured and paid for separately from the metal, the spreading and con- 
solidation of such bajii being included in the rate for consolidation. 


No adviixtmc of caith —No earth or other material should 


be mixed 


be used (after obtaining tho wntten consent of tho engineer in charge} ; 
provided that the earth used is not moie than 5 per cent of the stone con- 
sohdated, and is not added till the stone metal has been compacted. 

IS. Progress . — Unless approved by the engineer in charge, one day’s 
progress for one steam roller should not be less than 3000 square feet or moie 
than 4000 square feet (t e ,iti terms of a 10 foot width not less than 300 feet 
or 300 yards or not more than 400 feet or 333 yards). 
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Metal should not be spread more than 250 feet in advance of consolidation. 

NOTE: — Consideiable difference of opinion seems to exist as to the efficient 
steam roller outnut per diem, viz , 

Punjab 3000 to 4000 squat e feet 

Military Engineering Ser\ices Handbook, Vol III page 150, 700 -cubic 
feet 4 J inches thick 12 feet w ide, or say 1870 square feet 
Madras l 1000 to 1500 square yards, say 9000 to 13500 squaie feet 
Orissa f (a furlong 1C feet wide) 

1G Watering completed woik — After consolidation, the finished surface 
should be kept wet for one week — this watering being included in the rate for 
consolidation 

Care should be taken that no portion works loose for at least a mouth 
or until surfacing is carried out 

17. Making up Denns . — Work on making up berms should be at no time, 
more than two furlongs behind the consolidation work. Earth for the berms 
should be taken from borrow pits, the edge of which should coincide with the 
boundary of the road land. The boirow pits should be rectangular in shape, 
of uniform depth and unless otherwise specified, with lengths and breadths 
of multiples of 5 feet. Measurement for earth work in berms should be 
those of the borrow pits. In towns and built-up areas, earth for berms should 
be imported 

18. Profile of Berms and Sides. — Berms should be made up to full forma- 
tion width, with stiaight edges and properly dressed side slopes. The earth 
should be spread after all ruts l]ave been filled. AH clods should be broken. 

19 Closing Road Divisions . — Where scarifying, spreading of metal or 
consolidation is to be done, the road should be closed to traffic. Whenever 
it is possilbe to provide a pre 
equal to one day’s work of c 
such diversion is not availa 

should be done in such short lengths as the engineer in charge may direct. 
Diversion tracks should, as far as possible, bo beyond the berms and should 
be carefully maintained. - *'* 

20. .Barriers, Chaukidars, Lights . — The road should be closed by the 
erection of barriers at both ends which should be suitably lighted at night 
During day light, a man with red and green flags must stand about 25 feet 
in front of each barrier directing the traffic. Night watchmen must also 
be provided to see that the lights bum all night. 
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DISCUSSIONS ON PAPEIi No. K (II 


Mr. R. Treror-Jonea (Punjab). — I feel ray paper deals with a very simple 
subject bat st the same time an extremely important one. We bare all 
rvahred that lor m»ny years to come the water-bound road will bo the road 
for India; but ray paper is nothing more than a compromise. To begin with, 
I hare bad no experience at *11 of roadmakin£ in India other than the 
Punjab, and I hare merely hud to work on as many specifications as 1 have 
been able to get from various authorities in India. Whether it is possible 
to draw up a specification which will be satiable for the whole ol India 
remains to be seen. In my opinion it will probably be necessary to have at 
least 3 or 4. For instance, a specification for water-bound which is meant 
to be water-bound only, and lor water-bound which is to lie tarred, must 
necessarily differ in essential details. Also when you have a wide 
divergence in local conditions, rainlall, geology, soil, material, etc. it is 
going to be very difficult to produce any specification which will cover the 
lot. However, I have tried and leave it to > on to criticise. 

Mr. M. I. D. Haiti (M. £. S,) : — I congratulate the author for his verj 
interesting Paper on "Collection of material for and consolidation of water 
bound macadam." 

L With regard to Collection in stacks, vide page 2 (V), item 1, it is 
not always practicable to stack the metal outside the road berms 

(*) In plain sections the metal should normally bo stacked on the 
lower (i.e outer) berms, leaving the upper berm clear (ot tTaflio 
at all time3 On embankments, of course, this is not feasible J 
this should however always ho decided by the Enginecr-in- 
charge. 

(it) Metal for bridges and through cuttings should bo provided by 
doubling the stacks of the approaches. 

(>>}) The best place for collection of metal in hill soctioni will bo 
against the parapets except on bank or re-entrant coiners, 
where metal will be stacked on the upper side in order not to 
interfere with the drainage. 

(ip) Metal must be screened and should not be accepted unscreened 
even on reduced rate. 

(c) It has been found by various experiments that about 1 1 cubic 
feet of screenings are obtained per hundred cubic feet of metal. 

(ri) In plain sections, screenings should be stacked behind the metal 
in stacks of 13 inches height (measured as 1 foot). 

(n'i) In hill sections, the screenings stacks are to lie 10 feet bv 
10 feet by 13 inches. 
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As regards consolidation of metnl tlio agency and operations should ho 
organised in the following categories: — 

1 Preparing and maintaining diversions. 

2. Scarifying old road surface. 

3. Spreading metal and cambering to tomplate. 

4. Providing clay fillets to retain tlio water. 

G Dry rolling. 

G. Watering. 

7. Wet tolling. 

8. Earthen upper berms; spreading screenings and light rolling 

9. Cleaning up lower her ms. 

10. Painting date of consolidation on inner faces of inilo stone. 

11. Completing road metal diagrams. 


3. A leport to be rendered after completion of each mile may ho ns 
follows : — 


Road 

Diamond 
Harbour Road 

Alipore Road 

Width of metal. 

12 feet 

9 feet 

Miles consolidated during \ ear. 

57 

3 

Cost of consolidation per cent cubic feet. 

Rs. 31- 

Rs. 3/4 

Date of commencement 

20tlr July 1937 

3rd Aug. 1937 

Date of completion. 

8th Aug. 1937 

17th Aug. 1937 

Whether completion date entered on mile 
stone 

Yes 

Yes 


i. As regards tlie quantity of woik or piogiess, (fide para 15 of 
Papei) I would say that the actual outputof the consolidation completed in 
one working day is about 1000 cubic feet. This gives the following 
figures : — 

Width of Metal (4A inches thick) 9 ^ 12 ^ ^ 

Running feet per working day 300 ft. 220 ft. 180 ft. 150 ft. 

Days per mile including Sundays 20 27 34 40 

It two rollers are employed the time will be halved. It should be 
noted that the full number of labourers per roller must still be employed and 
it is not normally economical to use two rollers together. 
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The minimum labour lequired per roller is as follows : — 

Coolies 

o 

4 
o 

8 
o 
G 


Diversion 
Scarifying 
Side fillets 

Spreading metal and screening 
Watering 
Berms 

Total 

Water carts may bo provided if considered necessary. 


Mates 

1 

1 

JT 

3 


24 


Donkeys 


5. As regards diversions (tide para 19 of Pa pel } I would 
suggest that the length of the diversion should bo nllowed for 4 day’s 
work, (1 spreading, 1 tolling und 1 setting and 1 extra, i e , 1200 feet, 900 feet, 
G75 feet, 600 feet for 9 feet, 12 feet, 1G feet and 18 feet metal width). 
Barriers and diversions will be moved after a day's task daily. 


On bill sections etc. where traffic must go on the uppor berms it 
will be kept on the berms by a line of boulders along the edge of the metal. 


6 Regarding Safety Precautions (tide para 20 of Paper) it is suggested 
that in addition to red and green flags a red notice boaid of 15 inches by 
24 inches and 4 feet high marked “Road under repaiis” in white letters and 
surrounded by 12 inches by 12 inches red flag should be erected, 100 yards 
from the barrieis ov further away if a blind corner intervenes White notice 
boards 15 inches by 24 inches and 4 feet high marked “Diversions” should 
be erected where diversions take off. At night “Diversion” notice boards 
will cirry white lights and led lights will be fixed to danger signs, barriers 
and obstructions outside the barriers, t e. metal heaps or rollers. This does 
not apply to roads that are closed at night. 

Mr W.L. Murrell (Bihar) — If we take the length of water-bound metalled 
road in India as 60,000 miles, and assume the average width as 9 feet, which 
is reconsolidated every fifth year with a depth of only 3 inches new metal, 
then simple arithmetic will show that, even if collection and consolidation 
cost only Rs. 12/- per hundred cubic feet in all, then India spends annually 
no less than 170 lakhs of rupees on her ordinary metalled roads, apart from 
surface-tieated road 


If this Congress can improve the technique by only one per cent, we 
will prevent waste of public funds of no les3 than Rs 1,70,000/- annually 

(It might hero be noted that this figure is about seven times the annual 
cost of holding this Indian Bonds Congress— an expenditure which it is 
scarcely long-sighted to begrudge). 

Viewed in this way, Mr Trevor-Jones' paper and, indeed, useful dis- 
cussions on it are at-once seen to bo matters of vety great importance 

I mgret that there aro a few points about the paper with which I 
cannot agree. 

The introduction seems to give the impiession that Mi Trevor-Jones’ 
proposed all-India specification is based on the accepted specifications of 
certain Governments, and on the M.E S. Handbook, Vol. III. 
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i must say at onco that the proposed all- India s|wcification seems to 
go directly contra in several important respects to Chapter X of the Hand- 
book, and to the Bihar Specification." I have not seen any other Provincial 
Government specification. 

A number of copies of the Bihar specification havo been distributed 
among those present here, and the M.E S. Handbook, Vol. Ill is readily 
available. 

My chief objection is to the proposed deliberate grading of the metal, 
to form what a concrota engineer would call a “workablo mix 

The M. E. S. Handbook and the Bihar specifications, on the other 
hand, make for what a concrete engineer would call a “harsh mix”, i.e. an 
inter-locking collection. 

Vide pages 148 k 149 of Vol. Ill of tho Handbook (1931) the normal 
gauge metal must pass through a 2 inches ring but not through one of 
l£ inches. 

Vide page 1 of tho Bihar specification, tho Indian Roads Congress 
specification for broken stono lias been adopted to provent fines and dust 
from coming into tho stacks. 

There may be something to say for graded metal in places where 
basalts and other rocks having minerals of cementing value are used, but in 
Chota Nagpur there is no such stone. 

This graded aggregate proposed by the author of the paper reminds 
one of the crushed rock collected for road work in Assam and in parts of 
Australia. More or less altered, or rotton rock, is put through the stone 
crusher of which the jaws are set to get a certain grading. The crusher run is 
then spread and consolidated with water. It is sometimes consolidated 
with a roller, sometimes simply by the traffic. But this type of aggregate 
is rich in good binders such ns altered felspars, and, in any case, such roads 
are classified more as gravelled than as metalled roads. 

Chota Nagpur use3 chiefly good vein quartz, many varieties of quart- 
zite, and a few miscellaneous other metamorphosed rocks like epidiorites, 
generally with no constituent minerals of any cementing value. 

Failure on most water-bound macadam roads in Chota Nagpur is by 
corrugation, and it happens most quickly where bad, brittle, crystalline 
quartz has been used, t.e. where steam-rolfing leads to the quick formation 
of small stuff and sand. Such a resulting workable mix easily worked up 
into corrugations by even a small amount of motor traffic. 

}dy next objection is to the cost of the woik if done to Mr. Trevor- 
Jones' proposed AH-rndia Specification. 

In Cbota Nagpur the P.W.D. now have a number nf granulators driven 
from the road rollers in order to expedite the supply of chips for surface 
t reatment. W ith close control wo might turn out road metal something 
* Reproduced as Annex, page 80 (k 1) 
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similar to tiio grading advocated by Mr. Trovor-Jones, but the cost of doing 
so would be at least twice the cost of ordinary road metal. 

As vro now collect for only 3 inches looso depth or new metal as 
against tho inches mentioned by Mr. Trovor-Jones, wo could not reduce 
tho depth to mako savings to meet tho increased cost of tho graded metal. 

■With tho District Boards, who have no granulators and whoso 
supervision is often inadequate, I do not soo how they could collect to any- 
thing like the grading required, oren if tho rato paid woro at least three 
times that of ordinary metal. 

There are also a few points in practical procedure which I would like 
to remark on. 

Para 8 of Mr. Trovor-Jones* paper puzzles mo It starts in the same 
way as the specification in para 2 section 10 on page 152 of the M E S. 
Handbook, which latter says that tho object of raking the metal into 
baskets from the top of the stacks is to free it from fine stuff and dust. 

In other words, it would seem that the effect of the proposed All- 
India Specification would be to icavothe fine stuff and filler in tho roadside 
stacks 

As regards hand-packing tho bigger pieces (l inch to J inch) below, and 
tho smaller pieces (£ inch to I inch, to say nothing of the filler) on top, tins 
seem3 impossible unless tho two are screened out and the larger 6tuff is 
spread first. Experience shows that each time a dry graded nux is handled, 
tho fine Btuff tends to go to the bottom and tho coarse stuff to remain on 
the top. 

Then Mr. Trevor-Jone3, in tho samo para 8, states that there should 
be no necessity to withhold any metal for rectification 

In Bihar we are most particular about this very point, as will be 
seen under para 7 (b) of the Bihar specification It seems to us 
that everything humaDly possible should be done to prevent the pitching of 
motor vehicles, so as to give moio comfort to motorists and in order to 
decrease damage to the road. 

On yet another point I am somewhat disappointed that Mr Trevor- 
Jones disregards tho Chota Nagpur practice of salvage edging described in 
para 5 (b) of the Bihar specification By this practice we have been convert- 
ing 9 feet width of metal surface into what is, to all intents and purposes, 
a 10 feet 6 inches width, and this piactically without any additional 
expenditure. This is a great gamin these days of fast trafhe. 

To conclude, it is at least apparent that, while standardization of 
practice is our common goal, one specification cannot possibly cover the 
whole of India. 

Not only does road metal vary so greatly in its characteristics, but 
the climate and locality will decide whether the water-bound consolidation 
is to be done in the dry weather, as m the Punjab, or daring the monsoon, 
as in Bibar. 


( 
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It is hoped that various specifications for water bound macadam will be 
tiled out on the Test Track; but in this connection I must say that, so far 
as water-bound macadam surfaces are concerned, it is useless to do any 
testing with wheels that are simpl> dropped round the track. The wheel 
must be self-driving, and the ratio of the unsprung load to the total load 
must approximate to that found in the average motor vehicle. This 
equipment would bo very expensive, however, and it is doubtful whether 
funds could be found for it. 

I would suggest that a few points might be adopted from the Bihar 
specification when the sets of All-India specifications arc being drafted. 

1 cannot close my remarks without expressing thanks to the author 
for his excellent paper. If we can get out sets of standard specifications for 
water-bound macadam to cover varjing conditions, the tax-payer will be 
greatly indebted to Mr. Trevor-Jones for having set the liall rolling. 

Hr. Brij Hohan Lall (Punjab) ; — Mr. Trevor-Jones should be thanked 
for producing standard specifications for collection cf materials for and 
consolidation of water-hound macadam, which is, and will for ever remain, 
the basic foundation of all roadwork in the country The existing specifica- 
tions for the work, however, differ from province to province, and standard- 
ization in this respect is indicated to involve as far as possible a uniform 
practice in all the provinces The specifications drafted by the author 
are quite suitable except in some minor details Some amendments are 
suggested in the following note. 

In para 1. Collection of materials, it has been suggested that in hill 
sections metal should be stacked on special platforms or sidings located off 
the roadway at suitable intervals say two furlongs In actual practice such 
a procedure will be found to bo very expensive To provide only four 
platforms in one mile for stacking about 20.000 cubic feet of metal, that is 
ordinarily required for one mile, will requtre, each of them, to be about 5000 
square feet in area Such a large level space is very difficult to obtain 
us. a hilly country except a. prohibitive, cost. It is therefore suggested 
that this sentence bo amended as follows: — “In lull sections, metal should 
be stacked at places where it is likely to cause least hindrance to traffic at the 
discretion of the officer-in-charge". 

Design of watei -bound macadam. — I agree with the author that a 
lighter thickness than 4 A inches should be sufficient for water-bound macadam 
when the surface is to be water-proofed A 3-inch thickness of suitably 
graded material should meet the requirements, in my opinion. The grading 
suggested by him on page 3(k), however, appears to contain too much of fine 
material. The biggest size of stone suggested by him is one inch which is 
smaller than what is used even as aggregate in a cement concrete mix 
for roads. 


Moreover the mixture suggested by the author will be too expensive 
A 3-inch thickness of such a mixture would cost more than even a 42 inches 
thickness of the 2 inch uniform metal now commonly used. Tne following 
grading will probably be found suitable, and will not cost much more : — 
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2 inch to 1$ inch 
li inch to I inch 
1 inch to | inch 
under $ inch 


W) per cent 
2.'» jv'r cent 
20 per cent 
ft per cent 


In addition to the al>ovc material, which will 1-; initially la i { <-t 
consolidation, about 5 to 10 per cent of bajri under 1 inch will 1* rr^nue 1 
for the purpose of binding or blinding referred to in para 12 of the pajer 


Para 4 of Paper — Surface Peering —Tor resurfacing of old metalling 
& better job is likely to l>e obtained if the whole surface i« scarified to aUmt 
2 inches thickness, and the scarified material relaid to projer caml>er after 
■screening off dost. This methol proa idea a l>clter key than the mere 
scoring of the old road surface This, however, la not rreominetirled when 
the crust of the existing metal is too thin In the footnote to j ara I a 
doubt has been expressed with tegard to the efficiency of proa idmg a thin 
layer of earth under the new metal to act as a cushion and to work up betas chi 
interstices of metal In case of construction of new roads v. hern thn tinllng Is 
of bricks, hrick metal or atone, this proccduru has bmn found very useful III 
providing a bond between the soling and the wearing coat, arid tn binding tin* 
new metal from the bottom In case of rernet illing or where Urn soling coni 
is of knnkar, the layer of earth is not, however, nee«<siry Jl Is allggnsted 
that para 4 he amended as below - 

4. Preparation of stih-grndo - (a) Now Metalling Thn soling coat 
should belaid and tolled to the sprnhid thn burns nod lumber, unit, unless It 
is of kankar, should ho covered with a orm inch layeir of caith to act an a 
cushion, and to work up between interstices of mnlal to piovhlli nil mlmjiiiiln 
bond, 

(b) Ilcmctallmg — Tho old Weiring sur/iton, unices I)hh>mi«I is loot bln, 
should be scarified to a thickness of about 15 Incline Thn ortuHh-d innlul 
should be relaid to thn S|H<|fird , amber aflnr RMiioning off dusl, mill IlglilU 
rolled If, however, tho existing crust is ton tlun in b« muiuIIImiI, Mm whole 
surface should bo scored with lime* about li mtih /loop mitl nlmiil U ln«lii "4 
apart in ordor to provide ft key. Deep pot-linin'* should |m patched up 

P.vra 0 of paper -Hdgingor Ituiirls Thn Hint pail, of 1 ln< Hint rmiilniuin 
of the para is suggostod to ho ftlUftlldoil in* hnlow 

When tho suh-grado haM been prepitiml In mimn ilnncu wllh (Him <| *, 

Para 9 of paper — Tuinplulnn Aslhti mu ft liMitiu Nlipni elevation sii/lgen- 
ted m para 10 — Super-oWntion" In pupei nil Isiyuul of liimils In I In m, 
templates for cross-Rlopos |/7 mid l /|0 am imit«eoi»«iu v They nlmuld timm* 
fore be of cross-slopes 1/12, 1/10, 1/|H nml l/VO 

Para 12 ol papor— llajn llitnlingni blinding In I he last Iwn niniti'ni'im 
of this para it bfl3 boon suggested that flu* si nhim should hn nidi lolled mid 
watered to such an extent Unit thn Minding mat mini Is foiinml Inin »\ 
slurry. Tho amount of watering suggested hole is oxoi'm at 1 1 «, nml U hhtd\ in 
spoil the consolidation Watering sbniiJd only l>n doin' In snob an i>slniil that 
the blinding material gets into tho utidn of thn undid, It him a I mi hern 
suggested in this paper that not morn than one fuijeng should lm umlri 
operation in any one mile at ouo and Iho Bnino tunc. This nppi'nttt too low 





13 (ki) 


a limit. In para 15 of the paper 3000 to 4000 square feet has been suggested 
as one day's progiess for one steam roller which 19 equivalent to 250 foot to 
333 feet of a 12 foot wide road. Tlieroforo, if e vch operation viz. scarifying 
preparation of sub-grade, spreading metal and consolidation is carried out for 
a length of 250 feet to 300 feet, the total length under operation cannot be 
less than two furlongs, if satisfactory and continuous progress of work is 
to be obtained. This limit should theroforo be raised to 2 furlongs. 

The paper does not include any specification for the 6oling coat. It is 
suggested that a suitable standard should also bo laid for thickness and 
consolidation of the soling coat. Hitherto it has been a prnctico to provide 
a to 8 inches thickness of brick, kankar or stone for soling coat; this, 
however, appears to be on the higher sido. Recently in the Punjab, experi- 
ments have been made on a largo scale in widening existing roads by provid- 
ing a soling coat of only threo inches thickness of overburnt brick metal, or 
omitting it altogether where tho berms wero too bard, and have proved 
successful Tins aspect of the problem deserves further consideration at this 
Congress. 

Rai Sahib Fateh Chand ( United Provinces ) : — I congratulate Ur. 
R. Trevor-Jones for bringing forward this useful Paper. Tho work of collec- 
tion of material and consolidation of water-bound macadam is common and is 
largely done in almost overy part of India. Yet the specifications available 
on tho subject differ so much from each other that it is a puzzle to tho 
engineers as to which to follow, in tho abscnco of any standard specification 
from the Indian Roads Congress. 

I suggost tho following points to bo considered in connection with the 
above paper : — 

1 . Collection: — The stacks should be continuous and of uniform 
section which should bo the same as required by calculation for the width 
of the road to bo renewed, so that the total length of the stack for each mile 
should be 5,280 feet. Gaps should be left not only for drainage hot also at 
all points whero the road width does not permit of stacks being made on the 
road- side without causing obstruction to road trufiic. An equal length of 
stacks for BUch gaps should be made by laying a double line ol stacks along 
tho road nearest to tho gaps taking care that no stack is laid within 10 feet 
of the edge of the metalled portion The bed of the stacks should be properly 
levelled and passed by the overseer-in-charge before stacking is done to 
avoid the common trick by contractors of taking advantage of central high 
portions of the ground in stacking. 

2. Measurements : — In the case of stone-metal, stacks should be made 
only 12 inches in height which should be measured as 1 foot, as per United 
Provinces Public Works Department’s specifications. Stacking should not 
be allowed piece-meal. It should be started only after the whole material, 
required for each mile, has reached the road-side and should he completed 
within 10 days. The overseer-in-charge should see, while stacking is in 
progress, that the stacks are made of full size. The work should be 
measured, checked and passed within a fortnight of the contractor's or 
subordinate's report about the work of stacking having been completed and 
tho contractor should be bound to accept the measurements found to exist 
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(it the time of checking hy the officer authorized to pass the measurements. 
If nochecking is done within a fortnight of stacking, the checking officer might 
get a portion of the stack broken up and the metal thereof restacked and in 
such cases the measurement of the newly mane stacks should he accepted by 
the contractor. An addition of some such provision as suggested above is 
required to prevent disputes in measurements to avoid which something 
should he done by laying down the method of checking measurements in 
cases where the stacks lose their original size nnd shape due to lapse of 
time or some other such cause 

3 Thickness of Cost: — The usunl thickness of the renewal coat should 
bo 4 J inches If, however the base consists of more than «ix inches of road 
metal the thickness of the new coat might he reduced to 3 indies only so that 
the total thickness of the metal old nnd new shall not be less than 9 inches 
but the suiface of the old metal should be scarified or wholly picked up to a 
depth of 1$ inches at least, so that there shall be a total thickness of 4^ 
inches of the loose metal to he consolidated If the thickness of the layer is 
less than this or if it is uneven, that is, somewhere it is less than 4| inches 
and somewhere more, the surface is bound to break up very soon. To avoid 
this the old surface must be brought to template aftei being scarified. 

4. Grading : — -This is a very important matter and there is great 
divergence of opinion on it I consider the following propoi tion to be most 
suitable for water-bound macadam 

1 inch to li inches gauge 30 pei cent 

I inch to 1 inch gauge 50 per cent 

£ inch to £ inch gauge 20 per cent 

5. Scoring. — If the load surface is undulating, the whole surface 
must be scoied ui> and brought to template If there are ruts on the old 
surface, the central edge and the higher edges of the load should be scored 
up so as to fill up the ruts If the suiface is neither rutted nor badly out 
of template then tho scoring might he done in lines at 45 degrees to the 
line drawn across the width of the road 'these lines should usually be 
6 inches np.it t but not more than 9 inches in anv case 

6. *’ Paulas ” . —Care should be taken that "daulas” aie laid correctly 
over the edge of tho load in straight lines or in the curve of the load hy 
means of guide strings Where the road patries aie lower than the 
metalled poition, the width of the “dnula” should be 3 feet at least to 
pi event displacement of the toad metal under the pressure of the rollei 
The inner edge of the dnula” should be made'vertical nnd not sloping as 
is usual with the 1 ibonrers The distance between the inner edges of the 
‘dauUs” may be 3 inches less than the actual wioth of the road which 
will, after consolidation, be found to he equal to the width of the road. 

7 Camber — It should he the same as suggested in my Note in 
connection with Pupei No Iv (II) 

8. Spreading:— Some metal should be withheld for levelling the pat- 
ches noticed during the course of consolidation which are inevitable on bad 
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Size. — As regaids size of metal, I um not in favour of using smaller 
size than 2 inches. In case of soft metal the size may safely bo increased 
to 25 iuches. 

_ Soft metal of small size will bieak and bo crushed into powder under 
roller before proper consolidation is completed. Hard stone is not 
obtainable in nil parts of India. Local stone has therefoic, to be utilized. 

. Grading— If the grading of metal, as suggested by the author on 
page 3 (k), is adopted, it may look all right theoretically, but in practice the 
contractor will supply you moie of dust and chippings than the graded 
metal required. I would rather insist tlmt the contractor should stnek 
2 inches size of metal separately, so that one is sure of getting proper size 
of metal. He should collect screenings in separate stacks 

Spreading — The larger sizo of metal should be spiead first to proper 
levels and then consolidation shoald be started. When the metal h3s been 
well consolidated, small chips should be spread to fill up voids and then 
further consolidation should be continued till no sign of movement hi the 
metal is observed. After this, blinding (sand and mooram) may be spiead 
in a thin layer to fill up the interstices. 

A thick layer of the blinding material helps, in covering defects 
of a bad road. 


Mr. M Mahapatra (Cuttack' . — I would like to make the following 
suggestions : — 

1. Collection m Stacks.— It is not convenient to have continuous 
stacks” on the road-side land outside the berms. Collection in standardised 

stacks of, say, 20 feet by feet hy 2 feet size will be better. 

2 Measurements — The piocedure mentioned bj the author is adopted 
in some places, but the better method would be to calculate the requited 
quantity of loose material for a certain thickness of renewal and measure the 
collection in standard stacks without giving any allow ance for loose quantity 
'Formas’ or 'gauges' should he constructed accnidmgly with steel plate 
linings and be checked periodically 

3. General. — the currency of maintenance estimates expires in 
the month of June and as the best season for collection is from November 
to May, metal required for consolidation and patch repairs during the 
period July to November is to be collected by the end of April preceding. 

For the sake of convenience collection and consolidation should bo 
earned out by full furlongs instead of miles as stated in the paper. 


Design — For a B class water-bound macadam road at least 3 inches 
thickness of metalling is necessary if the sub-guide is smooth and 6 inches 
over new soling, and for sudh thickness hard granite metal of the size 
stated helow has been found to give satisfactory results 


2 inches to inches 

lj * 'inches to 1 inch 

1 inch to 5 inch 

} inch to 5 inch 


gauge 

.. 10 

per cent. 

gaugo 

75 

per cent. 

gauge 

10 

per cent. 

gauge 

5 

per cent. 
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4. Surface scoring — The full width of the read to he renewed sli 
be picked to a depth of 3 inches or so, and the old layer of metal shou! 
completely removed. Then the surface is to ho rolled once and using c 
well-sorted old metal, proper camber is to ho formed. For super-clciatic 
about 6 inches, the outer half of the road will hate only line picking 
then to be funned to required slope with the metal removed from the i 
half 

5. Elgin? hun Is or “Daulas”. — In practice the-e burnls do not i 
their purpose well These are damaged by rolling the edges and, even ' 
properly maintained, do not show the condition of the road ns formed nt 
the process of consolidation and necessitate frequent use of the tern; 
to check the camber. The hatter method is to re-form the low berms 
to consolidation and allow the water to flow from the road surface to a s 
either in the side drain or berm whichever be convenient and to re-tisi 
muddy water thus collected. Any damages caused to the drain or 1 
during the process of consolidation should he made good ns soon a 1 
rolling in over 

6. Camber.— It is always on the safe side to give a hit steeper i 
especially in water-bound roads of the locality subjected to heavy rail 
Cambers of 1 in 48 and I in 24 to 1 in 30 in tar-sut faced and water-h 
macadam roads respectively are giving satisfactory results. 

7. Super-elevation. — In giving super-elevation care should he takei 
to change the main gradient of the road. Centre of the road should ccnl 
to have the same longitudinal gradient and necessary amount of cross i 
should be given by raising the outer edge and lowering the inner edge 
curves of radius less than 500 feet, surer-eleration should be Iimitr 
1 in 20 and it is to be seen that any section of-the road must have some 
of cross slope, either camber or super-elevation. 

8 Spreading metal.— Generally a proper camber is not obtain* 
one spreading. During the process of consolidation, even when the e 
are protected from sliding, numerous waves and depressions are formed 
foi mending those, at least 5 per cent of small size metal is necessary. 

10. Level. — By fixing a plumb-bob to the template, level of the < 
metalling can simultaneously be checked along with the camber. 

11. Rolling and consolidation. — Rolling without water crushes 
corners of metal and weakens the consolidation. Hence water sboul 
sprinkled over the spread metal before commencing the first rolling. 

12. Bajri, Binding or Blinding. — For proper consolidation ce: 
percentage of clay is necessarj'. Red gravel consisting of pebbles £ 
to 1/16 inch size with a mixture of fine particles and red earth to the ei 
of 10 per cent forms a good binding material. If the giavel contains a hi 
percentage of cl »y the quriity can be improved by adding sand. Blir 
material should not be spread in thick layers. Spreading shonld b 
several thin layers well watered and brushed till the interstices are corapl 
filled in. ^ Watering and brushing should be continued throughout the pn 
of consolidation which will be considered as complete when water does 
go into the metalled surface but cm be seen moving with the roller. In 
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diately after water-rolling, if the road is to bo opened to traffic, the now con- 
solidation should have a sand blinding of J inch thickness to give a non- 
sticky surface As soon 'as the road surface is a bit diy, which it generally 
gets on the next day, the suifaco should bo rolled once again. 

. 13 Bajri, measurements not to bo added. — As the quantity of blinding 
material differs for different sires of tho metal, amount of rolling, and quantity 
of water used, it would bo reasonable to measure tho quantity and pay for it 
separately. The rate of consolidation should bo exclusive of the cost of 
materials, otherwise there will bo the difficulty of stacking advance collection 
to be used up in the succeeding rains 

15. Progress — If water lead does not exceed 400 feet, 2000 square 
feet of 3 inch thick hard granite surface in hill sections or 3200 squaie feet 
in plains can be completed in a diy with an 8 ton Road Roller Picking, 
spreading and consolidation each should proceed one dav in advance of the 
following operation, that is, if the daily avenge of consolidation is 210 feet, 
picking of 200 feet with an equal length of spreading of new metal, may 
be permitted on the same day when the first 220 feet of the mad is under 
consolidation. In hill sections, where there is no possibility of dnersion, 
loo'e metal should not be left on the road suiface at the end of a day’s work 
Afiy portion picked up should ho thoroughly cleaned of old metal and any 
new metal spread should be rolled and surfaced with a layer of gravel for 
water-rolling to be done on the following day 

16. Completed Work. — Watering and Maintaining —One week's water- 
ing may be sufficient if the road is closed to traffic But for the roads to bo 
used immediately after consolidation is over, the minimum period of water- 
ing should he 2 weeks The completed work is to be maintained by the 
contractor for 3 months by blinding with gravel 'at an interval of 15 days 
or shorter period a9 the conditions require and removing other defects which 
may appear duimg the above period. 

17 Making up Berms — Making up berms should bo dono in advance 
of consolidation But in cases where this cannot be done, due to some 
reason or another, both consolidation and re-formmg berms should go on 
side by side The borrow-pits should have diagonal ‘thondoos’ and be so 
located that those can be easily drained. 

18. Profile of berms and sides — At super-elevations, the side berms 
should be in the same continuous cross slope as the metalled portion 

Hr. Syed Arifnddin (Hyderabad-Deccan):— Many of our engineers pro- 
bably lemember by heart the specifications relating to collections of material 
and consolidation of water-bound macadam On principal points we all 
practical^ agree, differences will be of minor nature and the compilation 
of the specifications can be left to the Technical Committee There aio ]ust 
three points on which I would like to say something : — 

1. Collection in stacks. — There should be a fixed number of stacks per 
furlong and these should lie of uniform dimensions; the height should be 
more than 1 foot preferably to 2 feet Sectional area should be a 
convenient number, say 10 or 15 square feet. There is no harm if one 
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stack in oach furlong differ* in length from other-4 to make up the 
required quantity. Thera are two objections in my mind to one continuous 
stack. 

(rt) Tho width on the top, is very small and the section gots 
disturbed Tory soon on account of which the checking becomes 
very difficult. This will induce the labour to rob the material 
without being detected. 

(6) The height is to be kopt too low. Tiio small height has this 
disadvantage in tho case of motat of l| inches gauge that it 
increases the possibility of error in measurment. 

2- It is rather difficult to obtain grading of dofinito percentage csen 
if wo allow 10 per cont vaiiation. Unless by actual test tho advantage is 
pioved to be so great as to justify tho extra expenses, I do not think it should 
become a general practice. In the Code of Practice it is better to specify 
two proportions, one which is easily obtained and the other which is 
specially graded, mentioning the works where it can justifiably be used. 
Tho usual practice is to use l£-inch gauge metal. It may be specified 
whether the gauge should bo "Circular” or “Squaro” one, and also whether 
the stono should pass through in all directions or it is enough if it passes 
through in any one direction. I think whore hard stono is not available apd 
we are obliged to have soft material, 2 inch gauge stone may be permitted. 

3. In connection with rolling tho metal, it will be better if the 
Ungincera make experiments on the number of times tho roller has to pass 
over tho road, dry and wet, in order to consolidate it sufficiently and Bend 
tho result to the Technical Committeo. It will he useful if this is also 
incorporated in the specifications for guidance. 

Hr. K. E. L. Pennell (Chairman): — I do not think we have time to 
finish off now. If any other member wishes to speak on this subject he 
may do so after lunch. 

{Continued at 2-30 p w after lunch) } 

Mr. Dildar Hosain (Hyderabad-Deccan) : — Tho author has rendered a 
great service to the Congress by bringing nbout discussion on the subject of 
such fundamental importance as the Laj out of Roads, and Collection and 
Consolidation of water-bound macadam. It need scarcely be emphasised 
that water-bound macadam road is going to have an unassailable post ion, 
for a long time to come in the scheme of road construction in India. 

I may, however, draw Ins attention to the fact that if the Code of 
Practice is to be made applicable to all-India, it should cover the require- 
ments of the different provinces There is another point, Uiat the 
paper has been written primarily with n view to reconstructing road surfaces 
but if it is going to apply to new surfaces, I mean new constructions also, 
provision has to be made in regard to the consolidation of a coat of metal as 
!ur ns G Inches thick. 

I Bhall now pass on to a few points:— 

Measurements — It is stated that tho metal stacks should be 13 inches 
high but measured us one foot. It is also stated in the preceding para that the. 
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stacks sliould be continuous. The practice in different parts of India with 
regard to the height of stacks is probably different. As lar as I am aware, 
there is no standard height and consequently the sizo of the stack. For tbo 
stacks to bo continuous and one foot high, tbo size ol tbo stack vAU have to 
vary according to the thickness of tbo metal coat proposed to be Kid. 
In many cases, for soteral practical roasons, it is generally not i*ossible to 
resort to continuous sticking. If, on the other hand, tbo stacks are Dot 
continuous, hut Kid in different sizes ond in a haphazard manner, the limo 
spent in checking the measurements and the arithmetical calculation is 
considerable. 

I would therefore suggest that instead of one foot standard lioight. it 
would he of practical utility if the size of the stack is standardized. For 
several reasons such as economy of space etc , it would ho preferable to fix 
the height of the stack as 1$ feet By fixing the sire of the stack, tbo 
number of stacks per furlong can also bs fixed. This would facilitate 
checking and save time in calculations 

I may explain this by taking a concrete example. Taking a 3 inches 
coat of metal — 

The quantity required for a 12 feet width of road surface 

= 5280x12 X A = 15.640 e ft. 

Quantity required per furlong *= 1 ,980 c ft. 

If V or the number of stacks is 20, Q per stack= 90 c.ft 

Let Height, h be | feet. 

Then A or the area of each stack =* GG square feet. 

This means that the nverage 6ize of the stack will be 11 feet by G feet. 

If the thickness of the metal coat is 4^ inches the number of stacks 
will have to he 30 per fmlong and if G inches, it will bo 40 

Even if the height of 1$ feet is not ngrood to, the sir.o of 11 foot b\ 
G feet by X foot, lends iKelf for practic il uso, as then the mi in her por furlong 
will only have to he increased (tom 20 to U0 Bo, whaWv bv-lfiht to finuttv 
approved by the Congress, the rizo ol tho stack Is, lit ttl>‘ opinion, an 
important point to bo decided 

In actual practice, the top dimensions of thn black will have to be 
9i feet by 4$ feet m the case of l£ foot height, ntnl 1(1 foot by 5 feet for 
I foot height. It is assumed in thess onsen llmt l he angle of repose of 
metal is 45 degrees 

Another point in favour of linn-continuous slacks is the recommenda- 
tion for graded metal made in tho top pm a on pngo .'l(k) I am inclined to 
think that instead of making an Husortment of dilfeumt grades in one stack 
it would he better to Imvo sopaiato stack* for tho different grades of metal, * 

Design — It is not clear hmv the r -i* ' — * * ■, , 

said to bo usual in India to specif}. " ■ . • * ■ . . 

an average. Renewal of tho surface is • 
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that takes place it) n metal surface. Thus, if tho wear has been 3 inches, 
the icconstiuction is specified to he 3 inches, although an actual 
compaction and consolidation, it is moio than 3 Indies in tho ccntro and 
less at tho sides. 

It is stated that working by this method a thick coat of metal is a 
noccsstty stneo consolidation of a thin co.it cannot he effected. It would be 
Utoful to defina tho liuitt between a thm nud a thick coat. 

With regard to the grading of the metal, it is seen that the maximum 
size of metal is now presented to he 1 inch, whereas tho limit of the size 
now generally piov.dent is l£ inches, deduction in the size and the 
introduction of the proposed grading would mean that the rate for metal 
collection will halo to bo revised However, while there can bo no dis- 
agreement about tho importance of grading, a mote suitable) grading would 
he: — 

1$ inches to 1 inch ... 50 percent. 

1 inch to & inch ... 35 percent. 

£ inch and below’ ... 25 per cent. 

Sutfuco scoiing — The work of cutting ridges and using the mat oral 
or filling ruts appears to be uncalled for. Jleieli filling the old metal into 
tho ruts without scoring the surface will not produce the bond which is 
necersaiy A proper plan would be to pick the entire suifoce to a depth of 
]£ inches and to spread tho old metal uniformly. Cher this the now coat 
of metal should bo spread to a proper camber. 

If picking is done in bands 12 inches apart, it will still leave strips in 
between, which will have no bond for tho now coat of metnt. 

In the case of some of tho roads with niurnm surface, which were 
metalled it was found that picking the surface on the stiip method (after 
thoroughly watering the surface) but with strips at 45 degree®, gave much 
better Jesuits than the usual process. Longitudinal strips have also the 
tendency of intioducing coirugitions in the metal surfaco. 

Cumber. — It is necessary to specify that before spreading a new coat 
of metal, the sub-grade should he formed to a proper camber so as to pi o vide 
a unifotm thickness of metal coat. Otherwise, the thickness of metal 
would he more at tho crown and less nt the edges. 

Tho reference of 1/7, l/lO, 1/15 and 1/20 for cimber templates needs 
elucidation 

Blindage. — The ptocess of consolidation is snid to he complete with 
the spi ending and the consolidation of blindage It would he desirable if a 
minimum thickness of blindage is laid down in order that there may be 
neither more nor less than necessary use of this material. 

The practice in Hyderabad is to Imre a muram blindage of J inch 
thickness After this is consolidated, another 4 inch coat of sand, -called 
topping’, is spiead while the Minded surface is still wet. This has given 
ve»y satisfactoi y lesults. 

Tho I’apei does not mention tho width of tho road surface to be taken 
up for consolidation. Opinions differ on this point, some being in favour nf 
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half width and somo in favour of full width to bo taken up at a time. 
It may however bo mentioned that if the width to be consolidated is 12 feet, 
it is desirable to taho up full width, ns otherwise the width of the roller 
will not fully cover tho half metal width. 

Mr. T. Lokanathan (Coimbatore) This is certainly a strikingly 
common but nevertheless highly important subject Some of our friends 
have voted for five minutes to eich speaker instead of ten minutes proposed 
by tho Chairma'n This shows that wo are feeling somewhat disgusted 
about the old stale watei bound macadam Perhaps it is not really disgust 
but a feeling that nothing more has been or could be done to improve 
water-bound macadam Ever Binco I entered service, for the past 18 yeais I 
have been Road Engineer, making now roads and maintaining the old. I 
have been facing the problem I still meet-to day With tho advent cf heavy 
motor traffic and increasing volume of cart traffic, it is heart-rending to see 
tho road-surfaco going into wheel tiacks and pot-holes Our ideal has not 
been achieved Not that wo have been dull or reluctant ; we have been at 
the problem and liaao not solved it. 

This year I tiied tho use of lime kankar for blinding the water- 
bound granite. Uy lime kankar I mean the nodular stuff of size between 
4 inch to 1 inch This sort of thing is available at even shorter leads than 
tho usual gravel wo h ivo been using and which is really mere earth for 
70 per cent or something hko that. We do not want the metal to movo 
about in a consolidated surface. We want it to remain in place and avoid 
attrition but we bad not been successful in avoiding attrition so long as wo 
used the earthy gravel. When we uso nodular Kanlar and do careful 
consolidation, the granite metal stays in position ns in a sort of concrete, 
tho surface is smooth and compact without tendency to umavel The sur- 
face does not bccomo voiy dusty ; by tho way, it serves also as an anti tuber- 
cular measure The white surface which we got affords greater reflectivity 
to motor car lights at night. 

I do not like supot -elevation on wator-bound granite-macadam. It 
would bo nice to do it on tar and concrete surfaces, if done on water-bound 
macadam, the surface unravels ; and neither tho motorist nor cartman will 
thank us for it. 

Tor a day’s woric with power-rol'iei , about two-thirds oi a iurlon rt 
for remetalling twelve feet wide and three inches thick will do 

I do not know what researches jou have made for the quantity of 
water required for water-bound consolidation. I took some statistics and 
found that in veiy ary areas about 7 o percent of the quantity of metal and 
in otheis 50 percent would hs alright. 

Mr Dddar Ilosain referred to the Madras practice in control on 
contractors and wished to know how it' was done It is done by tbo simple 
expedient o[ keeping back final bills for three months after the consolidation 
is done; if in that period anything goes wrong with the surface the 
contractor has to rectify the defect. 

After onco the consolidation is done well avoiding attrition of metal 
when wheel tracks start forming duo to wear under the steel tyro of thq 
cart, wo close tho wheel tracks with now metal and keep the surface to 
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proper camber. Fu'qucnl blinding is also useful to maintain the suifnee free 
from trucks ami unravelling. I think some fientJcnuin said that blinding of 
the surface is really 'Minding' which senes to hide tho had condition of tho 
surface. It is not so. Ficqucnt blinding serves to keep the stones in position 
and I have shown to some ftiends that whether Minded or not, dust arises 
out ot macadam as the pneumatic tyro id tho fust motor car is not wanting 
in rcsouicoto suck out dust c\cn from an unhhnucd 6iufnce, 

Mr. S. A. Amir, (Bihar): — It is not my intention to either criticise or 
suggest nny impiovemcnt on tho specification put foitli by tho author of 
this paper. I believe it will ho of interest to tho membcis to know if any 
work accoidtng to this specification has actually been cauied out and if so 
how tho result compares with tho usual work done with 2 inches metal ns 
specified by Indian Row! Congie>s. If any figuro or tho actual or probable 
cost of consolidation with tho six o and gi.ulmg of metal as suggested by tho 
author coufd bo given compared to what itusunily is for ibo coinmon method 
of consolidation for tho same locality this wilt also bo useful in coming to 
any conclusion icgarding the piactic.vbility of specification lccommcndod by 
tho author. I hopo tho author will please enlighten us on these points. 

Mr. K. Hughes (Rangoon): —In Papa 2, “ Measurements,” the author . 
advocates counting 13 inches height as one foot. I dislike tins idea veiy much. 
Tho author suggests that tho 13th inch is to allow for loose stacking. It is 
well-known that by filling tho stouo measuring box from different heights 
different results in tho quantity can bo obtained ; so tho fnlso unit of height 
8ootii3 hardly tho way to got over tho difficulty about looso stacking. If it 
is necessary to bo very precise, tho Specification could state tho height from 
which tho stono was to bo poured into tho box but in pi notice it 19 sufficient 
to soo that tho stono is poured in from a reasonable height It has been 
urged that tho 13 inches height takes account of tho voids m tho stacks of 
stono but tho voids in tho stacks avo very much greater and moicovor tho 
voids in different steo of stone vary. It has also been urged that 1 mcli 
extra height provides for tho amount lost on compaction. That again is 
incorrect So it scorns that tho (also unit is not based on any scientific d it.\, 
and tho length of timo that it has boon in foico need not c.uiso it to ho 
regarded with sanctity or its abolition with regret. 

In Para G, Camber tho author has used tho woid "camber” in the 
sense of sido slope; tho Congress should lay down tho definition for ‘ c tinker \ 

In tho Specification" which has been handed round just now, a definition bas 
been given, hut it seems to make matters moro confusing. Tho American 
definition of camber is total rise over total width which seems logical. 

Mr. B S. Puri ( Central P. W. D. ): — I would liko to say a few words 
about tho ltoad chart winch wo found very useful in Bunin. This chnit 
gives tho thickness of metalling (soling and metalling) indifferent furlongs of 
different miles of a road. Copies of this chait used to ho hung in office rooms 
of tho lltccutivo Kngineei s and Sub* Divisional Officers. 

The existing thickness of metalling in a puticuUr milo is a voiy im- 
portant factor in dctoimining tho most economical thickness of thg icnovval 
co.it of metal. Some gentlemen liavo advocated a icnovval coat of 1^ inches, 
otheia have advocated a renewal coat of 3 inches ; jot another gentleman has 

^ ViiIh Aime\, pitRo ISO Jk 1). 
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advocated a renewal coat of C inches. Wo found that uhero tlio thickness 
of tho metil over the soling was more than G inches it was enough to scarify 
the road ciust to a thickness of 3 inches, screen the scarified metal, lay bigger 
stuff on the road, and add about 2 inches of now stone metal on the top. 
The screenings could he used as filling in the interstices of stone metal after 
partial consolidation and for epieading over the bet ms. 

This chart also prevents tho thickness of metalling becoming so great 
that it in ly become d ingerous for bridges. I remember a case where, by 
following the rule of tenowal coat of 4 J mchos oveiy three year, the dead 
load of metalling over the bridgo slab hecamo so great that tho bridge 
collapsed. 

In somo cases, after taking tho lionngs on the load and preparing the 
chart, we found that the actual thickness of metal in somo miles was as 
much as 15 inches to 20 inches We scarified such inetal to a depth of 
G inches, and used the scarified material for widening the road. 

Mr. R. A. Fitzherbert (Bombay) : — On pago 3 (k) paragraph 4 below 
tho para a note appears to the effect that “In certain localities it is custom- 
ary to place £ inch layer of oarth or murum to act as a cushion and to work 
up between the interstices ” 

This method has been used m England when doing grouting to reduce 
the amount of bitumen or tar used and I actually saw it being adopted for 
grouting with Colas. 

By watering and rolling, tho blindage below the metal is woiked up to 
fill the interstices of the metal to the requisite extent ; by this method they 
obtain a semi-grout or even less , tho amount of bitumen or tar can be 
reduced to a minimum. 

I think this method is woith trjmg 

Mr. A. K. Datta (Calcutta): — I shall say just a few words about item 
14 at page 4 (k) on Admixture of clay. Wo find in Bengal where we 
mostly used theso Jhatna bricks, a little admixtuie of clay was found very 
efficient ; we got better binding. It will be very inteiestmg, at least to me 
and to you also, to know if we add a little lime with the clay, will that bo 
effective in any way? It will not ; but if we mix up this lime and clay and 
burn the same and powder the burnt 6tuff, we shall get a cement which we 
may call Village Cement or a faked cement if we call it. and that will 
produce with good ballast a first class conciete road I have got data for village 
cement made by mixing in my own small laboratory about two parts of lime 
and one part of eirth and burning the same m kilns. According to tension 
tests with 3 parts of standard sand and one put of this cement, I found 
tensile strength of 375 pounds per square inch W here I mixed up 25 percent 
of cement with 75 percent of the village cement, I got a tensile strength of 
GSO pounds per square inch with 3 1 moitor in one month 18 days. This is 
really very interesting. Tho admixture of earth does not pa} but if we bum the 
clay with lime in villages then we can get a stuff which contains the strength 
Such material we can develop m villages where some lime stone and some clay 
are always available, and in such cases the combination of these two with 
stone ballast and sand will produce a strong concrete road. If we do not call it 
cement concrete, wo can call it village cement concrete which will rival, if « ' 
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cement concrete hut very nearly cement concrete. It will ho outside my 
talk hero, because it will go outside the domain of this paper if I go further 
with some of the experiments on a new cement. If members he interested, 
I shall say something about this new subject m a paper in the next Roads 
Congtess. It is superior to ordinary Poitland cement, hut cheaper in cost. 

Hr. Trevor- Jones (Author) There has been so much discussion that 
it is quito impossible for me to reply in detail, hut I will try to do what is 
possible in the time at my disposal. I am however much encouraged and 
grateful for the interest which my paper has aroused. It would appear that 
something of the sort is really needed as suggested by Mr. Murrell and 7ono 
specification is the idoal, if variations in climatic conditions, materials, etc. 
are to be satisfactorily catered for. 

Mr. Hughes of Burma has asked why the 13 inches to measure 1 feet 
has been adopted to cover voids etc. in stacks. My only answer is that 
from times immemorial, us far as I know, the 13 inches method has been 
adopted. It should be possible, certainly, to evolve more scientific methods 
and no doubt suggestions made towards this end will have due consideration. 
I think I have made an error in introducing this “Note on the design of water- 
bound,” as it should really find a place in a chapter on “Road Design” which 
I mentioned in summing up my last paper. The Note in question was taken 
word for woid from Lt.-Col. Whakeley’s ‘‘Road Construction and Main- 
tenance in India” being Eogineer-in-Cluef’s Technical Paper No 10, M.E S. 
The grading given there is obviously merely an example and nothing else 
and cannot possibly have universal application. 

I lrv) been accused of inconsistency in one place and I think con ectly. 
In the note below para 4, I have stated that the efficacy of a layer of earth to 
fill up interstices placed below new metal is doubtful, whilst in the “Note on 
Design” it is stated that the voids are filled with clay and stone dust which 
should be forced up from underneath. Recently in the Punjab we have been 
using earth on the top of soling and allowing it to be forced up into the inter- 
stices by capillary action of water and it has proved as far as I know, 
efficacious. It is for consideration whether such a specification should or 
should not be universally advocated. 

Mr. K. E L. Pennell (Chairman!: — I think we are nil very indebted to 
Mr. Trevor- Jones for his very interesting paper and to those members "ho 
have given us their views. 


CORRESPONDENCE. 

1. Comments by Colonel G. E. Sopwith ( Calcutta ). 

In the preface it is stated that the subject matter and data have 
been obtained from Local Government’s specifications from all over India 
On page 4 (k), I notice the term " bajii” is used. I suggest that, in any 
Code that may be provided that term be not used. I my self am a Punjabi 
and a Pathan, and . have all ray life in India been familiar with this term, 
but in Madras, for instance, it is quite unknown and would not be under- 
tood, as I have found. 
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Incidentally in Madras small noducls of soft latcrito arc included in the 
general term “gravel" nnd not to know this >9 npt to lead to unexpected 
lesults, as again, I have in my lecent ignorance found out. 

Page 3 (Jl). The practice of placing a handful of earth or moorum to 
act as a cushion is described as being of doubtful valuo Without in any 
way suggesting that that method is really sound I do think that it is of 
vital importance to produce some foolproof method of filling tho lower voids 
between metal particles to givo vertical and lateral support. I bchevo this 
to ho one of the most fruitful lines of investigation and 1 am therefore sorry 
to see this line being treated as probably of littlo valuo lest it ho thought 
that the idea underlying it* is also of little value and so improved methods 
might not be sought for. 

In the Punjab system of "Cheap Renewals” this filling of voids occurs 
automatically I note that this paper advocates scoring at distances of 
12 inches, but am doubtful if this is so sound in practice as tho "Cheap 
Renewal" method 

Page 5 (A). I note very wide variations in local ideas about tho late 
of water-bound consolidation From a very wide experience I confess I do 
not think first class consolidation can be done at more than 800 cubic feet a 
day for new consolidation, and if tho metal is very hard, at not more than 
600 cubic feet a day measured loose. In tho "Cheap Ronewal” method, 
the rate is greater by perhaps 50 pei cent 

Madras, I note, does consolidation 4 to 7 times as fast. I cannot believe 
that such a rate as that 19 possible without tho addition of unnecessary and 
dangerous quantities of earth, in other words, a sort of mud plum concrete 
If that is actually the fact, I feel sure that true economy will be seived by 
spending more on consolidation and by using less earth. 

Any road consolidated with too much earth at once produces conditions 
which detract from the lasting properties of suiface dressing 

2. Comments made by Mr. W. F. Walker, Executive Engineer (Meerut,) 
by post, on Paper No. K (I). 

In my opinion it is neither possible nor necessary to lay down a specifi- 
cation which will be suitable for tho whole of India where the materials used 
diller so widely fiom latente to banker and stone 

The various provinces already have their own specifications which have 
been drawn up to meet their local conditions 

In the United Provinces it is usual to make stone stacks 12 inches 
high whereas tanker stacks which settle appreciably after a time are made 
13 inches high whilst both are measured as 12 inches high. 

The example in the paper of a suitably graded stone gires the largest 
size ai 1 inch. This 1 think is too small and the size for a finishing coat of 
stone should be at least 1J inches, Different sizes of metal are necessary if 
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the xnrfaco is to bind propoily. In most cises the stone will lie broken into 
different sizes under the toller. 

Cot tain cxpci imotits have boon tiled in the Uni tod Provinces, with 
different blinding materials. Ranker Injri, stone hajri, moorum nnd sandy 
soil have been used. 

It appears that if the roan is to bo mu faco -treated then sandy soil is 
perfectly satisfactory as blinding and no adxantngo is gained by using others 
which may cost up to Rs. 500/- a mile and which aro merely brushed off the 
road at the time of painting. 

If however the suiface is to remain water-bound, then sandy soil is not 
satisfactory and some other matoiial must ho used. There is little to 
chooso between the hanker hajri, stone bap i, and moorum hut they must be 
mo ism ed up and paid for separately both to check tho quantity used and 
because they may ho expensive. 

Experiments have also boon made with hill clay. This is a clayey 
moorum which is sproad £ inch thick on tho old surlnco Tho metal is 
spread ovor this nnd consolidated in tho ordinary way. Special care has to 
he taken to water the road thoroughly in order to bring tip the clay to the 
surfaco. It appears to ho faiily successful but I myself prefer blinding with 
bajri. 


3. Comments made by Rai Sahib Tulsidas Banerji, M.E.S., 
(Jubbulpore,) by post, on Paper No. K (I). 

As for a long time to como water hound macadam roads will continue 
to form hulk of Indian roads, any attempt to improve thorn economically by 
introducing a codo of standard pi actice is very welcome. I therefore, con- 
gratulate Mr. Ttcvor-.Tones for his splendid paper. 

I do not however, quite follow the utility of stacking metal in conti- 
nuous stacks with lequisite gaps for drainage. It may bo suitable for trunk 
roads, but is definitely otherwise for busy places ami towns with numerous 
cross roads. Tho solution appears to bo stacks of standout Rise spaced to 
allow su Ificient metal for stipulated thickness of coat on the coriesponding 
length of the load, where possible. This will enable easy counting and 
checking and also eliminate the tedious process of taping the entire length of 
stacks to arrive at the quantity actually supplied. 

Wo are generally concerned with the wearing quality of the road. If 
it wears well, tho result is economy in maintenance with better appreciation 
of the road surface. But the wearing quality depends on the constituent 
parts of tho road, how they aro assembled and finished. Metal is therefore 
tho mo3t important factor contributory to tho life of a load. It should not 
only ho sound, hard and tough, but when consolidated must bo denso and 
capable of withstanding tho destiuctivo action of traffic. To achieve these, 
certain conditions are essential viz . — 

(o) tho metal of graded stone of uniform sizes interlocked to each 
other, 
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(t) consolidation without admixlmc ol earth, 

( r ) blinding with screenings of the same niatciint as ro.nl metal 

* It is equally i inpot taut that correct use of template* fur spreading 
metal should Im rigidly cnfoiccd and tho road surface frtqurntly 
checked with a straight edge during the linal stage of comolnbalion. Any 
defects noticed should lw mended immediately This will not only obviate 
the initial coriugitions, hut will also give a better uding surface 

There is honeicr another school, wliich still ladievcs m the importance 
of ungiaded metal, hut its result, as wo all know, is early disintegration and 
dusty load, both uneconomical from financi'l and other points of view 

Author’s suggestions in general, and specially th.it for introducing 
graded metal in road making aic therefore very valuable and will cnublo 
provision of better loads for the same, if not, lower cost 

Pnia 15 of the Nolo is not clear as to the reason for a \ci y wide 
divergence in the daily output of a steam toller It would ho interesting 

■ in respect of thickness and natiiio 

used in Madias and Punjab woro 
, i ad hero (Jubbulpoio) from a lu ton 

roller is 800 cubic feet per day or 3 niches thick 1G feet wide, 3200 squaro 
feet Metal is graded tiap from 2 inches to £ inch. 

4. Comments made by Mr. Murari Lai, Assistant Engineer (Punjab), 
by post on Paper No X (1 ) 

The author in para 3 in the general note on the design of watoi-hound 
Macadam wiites “The voids aio filled with clay and stone dust winch 
should bo forced up from beneath during consolidation” hut in pa ra 11 euyu 
that "No earth or other material should he mixed w ith tho metal hefoio, 
dut mg or after tho consolidation. ’’ If no caith or clay is to ho used, how 
the tiny interstices in tho aggregate will bo filled up with clay and stono 
dust to be forced from beneath It therefore appears essential that a layer 
of a inch of clayey earth or moorum should he spread over tho soling coat 
or old metal before spreading tho now wearing coat so that during consolida- 
tion the clay or moorum will bo drawn up into tho interstices by capillaiy 
action of water. 

In the same para 3, the author has given an indication of a suitable 
grading of the aggregate to bo used in consolidation hut has not suggested 
how these various proportions havo been armed at to ensure tho maximum 
density and how the individual voids m tho mass aggregate have been 
determined In order to ensure perfect intcr-locking or compaction of tho 
aggrrgvto, it is vory necessary' indeed, that tho individual voids between 
adjacent pieces of metal bo just filled up with smaller pieces of metal, hut as 
in a mixed aggregate containing all sorts of sizes no-body can jircdtct with 
any precision as to how tho dilTeient pieces of metal will arrange themselves 
under a roller so as to leave tho minimum of voids, it seems that the only 
suitable method of grading the aggregate, particularly in the case of hand 
broken metal where personal factor comes so much into play, is that by a 



20 (k i) 


trial and error method it should first bo nscettained what quantities ol 
different grades of metal mixed together and well shaken in a rotary drum 
Will givo tho maximum voight for a given volume and then having found 
their percentages, tho different grades should ho collected and stacked 
separately for any given length of road in tho mamicr described in paras I 
aud ‘2 of tho paper. 

In spreading the aggregate biggest sized metal which should not be 
less than 1 h inches gauge will be spread first, lightly rolled leaving spaces 
between the stone pieces; this will ho followed by spreading of the medium 
gauge 4 inch to 1 inch metal and finally the fine gauge i inch to ^ 
inch gauge inter locking into tho bigger gauge preceding. This aspect of 
grading requires research and experimentation. 

Para 1 — Surface scoring should preferably be done diagonally and not 
at right angles to tho direction of road traffic. This will help to avoid 
cai rogations- 

Para 9 — In addition to a set of 3 spreading templates, there should bo 
another set of tlueo boning lods to align the top surface of metalling 
longitudinally to avoid bumps. Frequent use should be mado of these lods. 
Further, instead of sets for different cioss falls, it will be convenient to use 
only one templato which will show on it various slopes by lines previously 
marked on it for different inclinations and with the aid of plumb-bob any 
cross fall can bo laid out at site. This has been explained in paper 
No. ItiO on specification on Highway cuvves in tho Punjab Engineering 
Congress by mo. 
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ANNEX. 

SPECIFICATION FOR WATERBOUND MACADAM* 
ORIGINAL WORK AND RECONSOLIDATION 

bOUTH BIHAR AND CHOI' A NAGI’UR 


Piepatcd by W L. MURRELL, Esq, u.c b (Melb.), a. m Inst c. E., 
Superintending Engineer, Cliola Nagpur Ciicle. 

Accepted by CAPTAIN A E GREEN, O.B E , M Sc , M C , A M , INST. C E., 
Supci intending Engineer, South Bihar Circle . 

Appioied by Cattain G. F. HALL, c I.E , M c M Chief Engineer, Public 
Works Derailment, Bihar. 

I Collection of Metal — 

Stone — Tiie stone shall be taken from tho quairy specified in the 
accepted tender and it shall bo dense, hard, and tough, free from parallel 
fractuio, crystal cleavage, weathering, earthy matter, moss, and such defects. 

Qairtzite of any colour, fine grained rocks like diabase, dolomite, 
phonolite etc., are all good. Vein quartz is to be regarded with suspicion 
as it frequently contains high development of cr>st.il cleavage, either visible 
to the e>e, or proved b> thinning the specimen smartly on a bard surface. 

Metamorphosed sedimentary rocks like black or other micaceous 
schists and coarse grained gneiss will not be accepted 

Bieakmg — Tho sizo shall be according to the Indian Road Congress 
Standard, vide page 177, Proceedings, January 1936. 

TicO'inch metal. — This must wholly pass through a screen of square 
mesh of inches side, and be wholly retained on a screen of square mesh 
of 1$ inches side. 

One and one-haif tnch metal — -This must wholly pass through a screen 
of square mesh of 2 inches side and be wholly retained on a screen of square 
mesh of 1 inch side 

Tub side is to he measured between wires and not centre to centre of 
wires, and tho screen is to be held at an angle of 30* to the horizontal. 


° This Specification has been referred to by Mr. IV. I* Murrell in his 
remarks on Paper K (I) [fide page 9 (k 1) ]. 
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The sire of wires composing the screen will be as follows 


Screen size 

Size cf trirc. 


S. W. G. Approx, dia. 


inches 

2J" 

4 0 23 

2” 

5 0 21 

15” 

l" 

f» 0.19 

7 0.17 


Unless otherwise specially stated in writing, the sire of metal mil be 
ttt'O inches for new metalling first and second course, and also for reconsoli- 
dating old metal with the addition of not less than three inches of new 
metal, the average picking-up of old metal being to not less than three 
inches depth. 

lYansfOJ/rttiOfi of metal — When metil is transported by motor vehicles 
or animal-drawn carts, care shall be taken that no metal is dropped on any 
portion of the road or roadside land. 

In cases where the whole of the carting under the contract is done by 
means of animal-drawn vehicles equipped with pneumatic tyres, the con- 
tractor shall receive an additional payment of annas four per hundred cubic 
feet of stick measurement. 

Where an alternative track exists, the contractor shall cot transport 
inetal o\cr the metalled or scaled surface unless his vehicles arc fitted with 
pneumatic tares. • 

Steelin'; cf metal . — Normally the metal be stacked fully into box 
frames with internal measurements 5'-0" X 5'-0" X 1 -1 , the metal being 
struck oft Hush with the top of the frame. Such a stack will be measured as 
25 cub'c feet 

» *».- — writing of the RiiMivisional Officer 

• 1 i on the crest 

< " . ‘ . . ( ; • , ■ 1 . led, or evenly- 

, . i . 1 be as equi- 

, , . i 1 e from over or 

undersized metal, chips, weathered or soft metal, Hat shaped pieces, dirt, mud, 
vegetation or other undesirable matter. 

Jfafe of payment . — The schedulo rate includes quarrying the stone, 
i. i- - . *-i l -,‘ : — — 7 - l . — «nt of royalty 

. . ■ * ■ . » ■ 1 i npensation for 

■ . . ' ... ■ i . 

2 Arrangement for Traffic during Consolidation. — 

Road closures shall be in accordance with the Bihar and Orissa High- 
ways Act, 1926. On no account may any road be completely closed to traffic 
without the previous written consent of the Superintending Engineer, and 
unless the date and period of closure be advertised in the local press, and 
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unions notices ba posted on ail public buildings of local importance and on 
the section ot road to bo closed. Those advertisements and notices shall 
give at least two weeks* clear warning. 

Where the road is to ba partially closed temporary roads are to be 
made for the traffic. 

llotor vehicles should, whore possible, be allowed to pass on the wider 
flink, whilst a separate track should bo made for carts The contractor 
must make and maintain these tracks at his own expense. 

AU obstructions and diversions must be clearly visible at a distance by 
mght and by day, there being a preliminary' warning by red lamp and red 
flag at a distance of 500 feet from the obstruction or diversion. At the 
obstruction or diversion there will be red reflex signs, red lamps or lamp boxes, 
and, in the case of diversions, there shall be an arrow to indicate clearly by 
day or by night the direction of take-off to the diversion. 

AU diversions other than on the road flank will bo clearly marked by 
whitewashed stones or other such means. 

3. Camber. — 

Hy " camber ” is meant the curvo of the surface of the cross section of 
the metalled portion of straight or nearly straight section of road, and the 
“ amount of camber ” is the difference in level between the surface at the 
crown or centre of the metal, and the edges of the metal. 

The amount of camber to be given in a road will depend on whether 
the surfaco is to remain as a water-bound one or it is to bo surface-treated 
or sealed. 

For surfaces that are to remain as water-bound and that are not to be 
surfaced or sealed, the amount of camber is to be taken as one-sixtieth of the 
full width of the metalled surface 

For surfaces that are to be surfaced or sealed after consolidation, the 
amount of camber is to be taken as one-hundred-and-twentieth of the width 
of the metal to be surfaced or sealed 

The camber of the section will be such that the middle third will app- 
roximate to the arc of a circle, while the outer thirds will be constant slopes 
tangential to the are. 

Templates for camber . — For work up to a width of 15 feet of metal 
there shall be light but rigid and strong full templates, with edge to the 
required camber, and cich template will be complete either with a fixed spirit 
level or a plumb-bob arrangement. There shall bo three such templates for 
each roller in action. 

For work on greater widths half templates shall be used with fixed 
spirit level or plumb-bob arrangement. 

r 
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4 Cross Fall, Superelevation, or Banking. — 


By tins is meant tho difference in level between the outer ami the 
inner edgo of the metal on cuivcd sections of Iho road, divided In the width 
of metal and multiplied by 100 toc v .pre«s the ratio ns a percentage. 

Curves with a tadius of 1,000 feet and less are to bo superelc\ated and 
widened in accordance with tho following table: — 


lludius 

Superelevation 

Increase in width 


to 

for a road 


bo adopted. 

width of 9 feet. 

Feel. 

% of width. 

Feet 

30 

1GG 

4 5 

50 

12 5 

4 6 

100 

12.5 

4 0 

150 

10.4 

4 3 

200 

10.4 

4.1 

300 

9.4 

3.7 

400 

9.4 

3.3 

GOO 

8.4 

2 9 

GOO 

84 

2.5 

700 

G.2 

2.1 

800 

6.2 

1 7 

900 

4 2 

l 3 

1,000 

.42 

0 9 


For motal widths on straight sections ovcccihng D feet, tho widening 
on curves will bo increased proportionately. 

Tho above table refors to ordinary roads. For Tiunk Bonds, tho 
instructions laid down in H. Criswell’s "Highway Spirals, Banking and 
Vertical Curies” or similar woiks of reference will be followed, aurfepage 31 
“Indian Roads” no. XI Juno 1937. 

5. lateral Support for Metal About to be Spread — 

(a) Original Wot & • — Whore tho road bed is boxed out, tho earthen 
flanks or horins are sullicient lateral suppoit for tho newly spread metal 

Where tho now metal is higher than tho flanks, however, it must ho 
supported hj continuous borders of grass sods. Tlieso sods should ho ns 
largo as possible so as to give a "bundh” at least 1 foot wide. They should 
ho well consolidated by woodon or other rammers. 

(b) Jleco7isolidation iro?JL*s. — Sod or stone edging to bo pjovidod as 
aoscribcd abovo, as tho caso may bo. 

-• ' wdioro tho picking-up of tho old metal will 

, . salvaged matennl passing the l^ 1 ’ screen, 

followed;— 
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Salvage tdgtng — That portion of the picked -up nictal r.tj'l p.m- 
tho 1 J" screen ami is retained on the 3" screen, i nle paragraj h C "fee ’** • n*- 
shall he used to form an edging on each side of the tic\\ metal 

Grass sods shall he placed along the edges of the it till *' L< 
consolidated as described in paragraph ft (n) nbow, hut on a Hr.c rum 
awa> from the edges of the old metal and on the outer side cf it 'It u 
where the old metal is nine feet wide, the two lmis of sods shall be i»-: J L » ■ 
six inches clear apart 

The old metal shall then ho picked up and screened on the fiet t o' l'.< 
road as described in paragraph C below, leaving a homi nine inches v )>,< i>\ 
aveiage three inches depth on the inner side of each lino of grass sods 

When the road bed is cleared of picked-up metal, these (wo U "> , 
shall be picked out so as to clear tho road bed to tho full width betv . 
the two lines of grass sods. 

The earthy matter from theso berms shall bo thrown and rammo'- 
on the rererse side of tho lino of sod edging, tho large pieces of old iw.il 
being thrown towards the centre of tho road bed 

The salvaged metal or "Seconds” passing tho 1§ inch screen and also 
any small stuff received from picking out tho nine-inch berms will then is 
laid in the road bed to a width of nine inches along each line of edging tod*, 
and to such a height that its top will bo Hush with tho top of the new metal 
when laid between these two linos of salvaged metal, 

The new metal and the salvago edges shall tbon be consolidated 
simultaneously. 

Note —If theie is insufficient salvaged material, rojected metal mai 
used in lieu of same. 

{Vide Proceedings Third Indian Roads Congress, page 12 Trevor- 
Jones on "Pushta" and page 166, Muirell on "Size Gradation”^ 

6 Picking np the Old Metalled Surface. — 

Picking vp — The old metal shall bo picked up to an average depth of 
three inches. 

Picking up shall not be commenced nor finished on a line at right 
angles to the length of the road, but on a line 45° to it 

Where the metal is to be reconsolidated half width at a time, the first 
half will be picked up to half width plus two feet 

Great care shall be exercised to see that tho surface, after picking ud 
shall ho — 

a True to eioss section as specified in paragraphs 3 and 
b True to longitudinal section. 
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Strict attention slinll bo paid to the elimination of bumps or humps 
which sometimes oxtend for many running feot of tho old road surface. 
For this purpose tho Ovorsoer, tho Contractor, and his mato shall each 
carry a length of CO feet of fino fishing lino on a small rectangular wooden 
frame, for constant checking of tho longitudinal section, and the labour is to 
be prevented from excessive picking up of the old metal in the hollows 

The picking up of old metal will be done with hand pick-axes in such a 
way that tho old metal will be broken us little ns possible. 

If dry, tho old water-hound surface should be wotted. The picking 
up should be done, first in furrows about one foot apart "along” the road, 
and then ttansvorsoly across tho road. 

Screenmq — Where it is evident that at least 20 per cent of tho picked- 
up nvvtoiinl will be refused by a l£" square mesh screen, nil picked-up 
matorial will bo passod through a 1$'* square mesh screen What materials 
are refused by this screen are called "firsts” and they are to be kept for 
spreading back in the road bed. 

Tho remaining picked-up mntetial shall tlion bo screened over a ?" 
square mesh screon 

Tho materials which are refused by this 3" screon shall bo called 
“seconds”, 

The seconds aie to bo kept as salvago for filling into the trenches for 
tho salvago edging 

The materials which pass the } inch screen shall then be screened. over 
a 1 inch square mesh screen What are refused are called “ thirds ”, and 
what pass through are called “ fourths ”, 

The "thirds” are used partly for blinding the metal suifaco during wet 
rolling of surfaces which are to remain as water-bound macadam. If of good 
material, they may also be used as blinder with no, 2, Tar, after cleaning by 
washing and drying 

The fourths aio used for final rolling or “ polishing 

27otes. — (i) Tho? inch and i inch mesh screens shall bo of square 
mesh tho size being in tlio clear and not centre to centre of 
tho wires. 

«» Tho size of the wires shall be — 

ScKtn size Size of xene. 

S. W. G. Approx, diam 
inches- 

* inch ... ... 8 O.IG 

4 inch ... ... 1U 0.OG 

in Tho screen^ shall ho used .t an angle of 30° from tho horizontal- 



(c«) The screens nre to bo tho property of thu mu lr<u. tore xicjii* 
preferable to arrange for them dopartmentaily, reco\cring the rust ut a |iiu 
to be stated in the notice calling for tenders. 

(m) No loose material is to be left on tho load bed and all line atuif 
not passed through the screens is to he swept up and linouji awa> before 
any metal is spread. 

7. Spreading of Metal. — 

fa) Original TTorks . — The metal shall bo spread tine to cross and 
Icngitcdinal section, ami evenly to the onconsolidatod depth for each jajui 
shown in the contract 

The metal spread shall be entirely freo from all tho defects mentioned 
under ‘'Collection of metal" paragraph 1. 

The first layer shall not ho spread until tho soling or other road hod 
has been duly approved by the SuhdivUional Officer or the tssistapt 
Engineer, or the person deputed by him. 

The second liver of metal shall not lie spread until the di> lolling uf 
the first layer, including the lectlfication of dofoote, shall have been ftppiwvud 
by the Subdivisions! Officer or tho Assistant Engineer or the pel Him deputed 
by him. 

Care is to lie taken at tho junction of old and new Bill face The UU4.\| 
is to he spread so that, on consolidation, inpidlv moving Ml# Will pass 
the junction without receiving a hump 

(6) Reconsohdation — Ho metal shall ho spread until the picking m« 
has been completed and approved for a distance of at least 800 V It of I mm 

The salvaged metal or "firsts" refused by the ij inch screen *hMI 
then be spread uniformly over tho piekoil-up surface. 

While this is going on. tho contractor shall mark with whitens*)) 
every 25th stack of new metal, beginning at tho 19th slack from the cnn\ t 
mencement of the work. Those whitewashed stacks shall he called the 
"rectification stacks". 

All new- metal excluding the i edification slacks, shall then ho 
evenly over the road bed true to cross section and to longitudinal . '* 
a uniform depth of at least 3 inches. 
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Whore tho metal ig to bo reconsolidated half width at a time, the new 
motal is to bo spread tho full half width of tho road fifteen inches. 

The greatest care shall bo taken by all concerned that one of tho three 
templates reforied to in paragraph 3 shall be used constantly in checking tha 
camber, 

There shall be a contractor’s mate solely in charge of this work and 
he also will bo providod with a length of GO r.ft. of fishing line for checking. 

All sutfaco motal is to be hand-packed in conjunction with the 
templato and line to ensure QYon spreading before dry rolling is commenced. 

8 Dry Rolling;. — 

Both original and > (consolidation work . — If the roller is a powered 
ono, care is to be takon that tho gearing is in good order and that the driver 
opens and closes tho thiottlo gradually Tho prevention of initial humps 
in rolling is of tho utmost importance. Tho roller must not bo stopped in 
tho same place more than onco Tho furnace must not ho raked out, nor 
tho bunker replenished, over any of tho uncomplotod surface. 

The diy tolling shall proceed first along one edge of the metal and its 
edging, and then along the otbor edge of tho metal and its edging, in order to 
prevent degradation of the camber. 

Where the motal is to he recon soli dated half width at a time the 
rolling shall bo done over no moro than the half width. Tho marginal 
fiftoon inches of new motal shall not be rolled nor shall it be treated with 
'‘thirds" until tho second halt width is being consolidated. 

Rolling shill ba done in lengths not less than 300 feet, and tho total 
length of road being picked-up, spread, and consolidated at any one time 
should not exceed 900 feet. 

When the whole aioa has been dry-rolled 3 or 4 times it shall be 
inspected in order to ascoitain by means of the template and 60 feet line, 
wptsoiaMy Vna \attar, nkwt the deyw^iows exist in the SNork, and thn ©xtent 
and depth of such depressions. 

All such places shall be thoiougbly loosened by hand picking, and 
additional motal shall bo spread from the whitewashed rectification stacks to 
make up tho doficieucy. These rectifications are to be done peisonally 
by a departmental employee especially sktllcd in tho work, or under the 
dnect supervision of tho Overseer. 

Any pieces of metal which crumble or disclose their weakness during 
tho dry-rolling are to be carefully picked out and replaced carefully by band 
with sound pieces of metal of about tho same sizo from the rectification 
stacks. 

Whon ull defects have been dealt with, dry-rolling will proceed until 
the creeping or waving of metal before tho advancing rollers has ceased. 

Special Note . — The rectification of tlio hollows must bo done shortly 
rollT a 10 co,araenconientl the dry-rolling and not later during the dry- 
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The departmental roller driver ha* n largo responsibility in this 
He also is to bo provided with a GO feet line, and ho shall refuse to 
further with the dry-rolling unless the depressions oro rectified j: t:< 
manner above specified shortly after dry-rolling commences. 

In the case of original work, tho spreading of the second Uyt' -/ 
metal and its dry-rolling should now bo proceeded with as described ibrtt 

Immediately on completion of the dry-rolling tho remains of the nis^- 
fication stacks, if any, will bo carefully boxed as 25 cu ft. stack* 
shown in the metal balance. 

9. Wet Rolling. — 

On the completion of drj -rolling, tho mechanical interlocking d t\t 
metal should be complete, but, to mako sure of tins, water should cow i* 
sprinkled liberally over tho metal which should then be rolled, again »ti rt'z-r 
from the edges, until there is no further creep or wave in the metal Ufs*t 
the advancing roller 

For surfaces that me to remain as waterbound surfaces 
and will not be scaled oi surfaced.— 

Coaise Blinding - After the wet-rolling has beon started nnd there U 
no longer any creep in front of the rollers, a very limited amount of “third*" 
(*" — l 7 ') screenings is to bo scattered over the surface, and swept by v t x 
grass brooms into the larger interstices 

It is important that not more than one cubic foot of these screenin'* 
should be used % square feet of road surface ’* 

Where the metal has shown considerable tendency to crushing und 
the roller, the amount of screenings or thirds should be even less th»n 
one cubic foot % square feet. 0 

Usually, much too much of these screenings is used, with the remit 
that they work down into the already consolidated metal and interfere will 
the mechanical interlocking, later leading to corrugation. 1 

All concerned are responsible to prevent this excess, and the roller driver 
should refuse to roll any surface treated to excess 

As soon as the coarse blinding has been placed by further rolling 
that the surface prevents a uniform and fairly smooth texture, fine blinding 
shall bo added. DE 

Fine Blinding —As the rolling proceeds, “ fourth ” screenings, pagsin? 
the 1 inch screen, shall be scattered lightly from time to time over the whole 
surface so as to form, with the continuous watering, a thin slurry m front 
of the roller wheels. 

On no account should this fine material be allowed to cake or form a' 
stiff muddy paste in patches over the surface. It must he 
worked down into the metal as a thin slurry. 
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When 2 to 3 cubic feet of fourth screenings have been used % square 
feet of load surface in this way, the wet rolling will bo considered to have 
been completed. 

For tut faces that ivill be sealed or ski, faced soon after consolidation . — 
A blinding need not be added, and the fmo blinding should bo added as above 
as soon as creeping ceases during wet rolling. 

Where coarse blinding is not used during dry rolling, the amount of fine 
blinding may be increased to 3 or 4 cubic feet % square feet of road surface. 

In this case also if the coarse blinding is of good material, it should be 
carefully conserved in 23 feet stacks, well off the road for use later as blinder 
in sealing work. 

For original work. — Where no blinding material is obtainable from 
picking-up and screening an old surface, hard gravel or waste chip3 from the 
stone quarry should be used after screening through a $" mesh and over a i 
mesh screen. 

In such a case, in lieu of fine blinder or “fourths," stable earth should 
be sprinkled on the road 

Stable earth is that which is not too friable when dry and not too sticky 
when wet. Sand is had because it is too friable and has no adhesive or 
blinding properties Clay is bad because it may cause the metal to stick to 
the roller, thus necessitating re-doing the wholo length. 

Note. — (*) The contractor is specially responsible that no material 
which should bo refused by a i" mesh screen shall come on 
to the surface during wet-rolling, and the roller driver should 
refuse to roll until any such coarse stuff is removed. 

(if) Should the inspecting officer find that walking on the metal 
during wet-rolling results in a '‘scrunching" sound, ic will 
be a sure sign that there is an excess of thirds in the body 
of the metal, and the whole lot should be picked-up, re- 
screened, and re-done from the beginning, including dry- 
rolling and wet-rolling. The same action is to bo taken it 
it be found that the contractor is attempting to conceal 
depressions m the surface by spreading a layer of ‘thirds 
and ‘fourths' in them. 

10. Curing. — 

On completion of the wet-rolling the surface shall be allowed to drain 
and dry out. This usually takes 2 or 3 days ami, in the meantime, no traffic 
whatsoever is to be allowed over the section. 

If necessary, the Bihar and Orissa Highways Act, 192G is to be utilised 
to deal with offenders 

• 11. Building up the Flanks or Berms.— 

done in^tbo'nanks section ,s opened to traffic, eat th work ia to be 





PAPERS Nos. L & P. 

Mr. K. G. Mitchell (Chairman) : — I take it, it is agreed we take up 
Paper L, “Some aspects of Bituminous Road Construction in India ” by 
Colonel G. E- Sopwith and Mr \V. A* Griffiths and Paper P, “Revitalisa- 
tion of tarred or Bituminous surfaces" hy Captain 11- C. Gtaham together. 
I understand that Colonel Sopwith will introduce the fiist paper and replj 
to the discussion, while the second paper will, in the absence of the author, 
be introduced by Mr. Lawlej 

The following two Papers were then taken as read — 




PAPER No. U 


SOME ASPECTS OV MTU MI NOUS HOAD 
CONSTRUCTION IN INDIA. 

BY 

Colo.vhlG. U Soptt'iTir, M.C, and U\ A Gntrmns 


Tho object of this jnpor, contributed by representatives of tnanu 
facturcrs of Bitumen and Tar Product*, is to present to tbo dotegstes to tbo 
Indian Roads Congress sotno aspects of road construction ith n mow to 
stimulating a discussion at tho Meeting, and also to guo tho various 
delegates attending an opportunity of nsking questions. 

(It should bo noted that the term “Bituminous" is used »3 a standard 
ono and is applied indiscriminately when tho authors refer to Bitumen or 
Tar). 

Tho paper doals with tho gonoral principles only a'ml 7Ibc3 n«t set out 
specifications a3 it is considered that, with tho continuous research a»?d .prac- 
tical experiments which aro continually being tried, frcriue/it changes Til tho 
methods of treatmont occur ; therefore tho presont time is not suitable to lay 
down any hard and fast specifications for bituminous work. It i3, wo fool, 
generally known that tho producers of Bitumen and Tar are always ro.tdy to 
help and advise engineers on their problems with rocommondatiorw based on 
the latest knowlodgo in thoir possossion, and tho authors fool that for tho 
time it is hotter that this procoduro should ho carriod on with rathor than 
setting up a codo of practioo for bituminous woik which inigli^woll ho par- 
tially out of dato beforo tho codo has passed its infancy Again, climatic and 
physical conditions vary so greatly in India tlmfc it is impossible to givo 
general details or specifications to cover all these conditions, whorons tho 
manufacturers’ technical advisors aro continually inspecting and working in 
these varying conditions and aro therefore in a position to givo advico hasod 
on practical experience, and such advice is bound to ho more acourato and 
helpful than any codo of practice which may bo produced 

In India tho problem of treating roads is not purely an engineering ono, 
tho financial side plays a very largo part In tho whole of India llioro nro 
approximately only GO, 000 miles of motallod roads (a largo poilion being 


' ’ ‘ " " *' >81\0 t)pos 

c ■ ' at present 

s ' lift that re* 

search into the cheaper methods ol treatment, winch will succossiully Btand up 
to tho traffic it has to bear, should be undertaken with more concentration 
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than research into the details of the expensive types. It need scarcely 
be said that road engineers in India as well as the manufacturers of 
bituminous products are alive to this and are continually experimenting with 
cheap type construction with no little success. We have therefore the follow- 
ing suggestions to make : — 

(«) It is preferable to apply the cheapest treatment that will stand up 
to any reasonable estimated traffic. This can, if it is found 
essential, be supplemented by imposing a more expensive type of 
treatment later, should the increase in traffic exceed the estimate, 
without losing the value of the initial treatment, but the intro- 
duction of a more expensive construction should only bo made 
when traffic conditions warrant it. 

(6) Never utilise tho estimated savings in maintenance by treatment of 
any given length for any part of the financing of treatment of that 
length, but always use them as an aid to the improvement of 
other lengths. 

Problems met in bituminous road construction : 

The first road to be treated with bituminous material was laid nearly 
half a century ago, and at that time the solo object was the prevention of the 
dust nuisance Today, this is still one of tho main reasons far treating roads, 
but by far the most important is tho protection of the surface from the 
action of traffic and climatic conditions which now prevail. The difficulty in 
finding a treatment, cheap in fiist cost and maintenance, to cure these 
problems is very great and is dealt with later on in this paper. If the traffic 
is cosiderable, tho dust problom solves itself, because in these circumstances 
treatment has to take tho form of providing a road with increased carrying 
capaetiy and a good riding surface. These conditions can only be obtained by 
the use of tar, bitumen or cement. 

We now turn to tho problems met whore it is desired to decide on the 
typo of construction suitable for tho conditions of traffic using the road. 
There are three types of traffic utilising roads in India today which are as 
follows : — 

\\) XAght traffic. It may be light rubber tyred motor vohiolos or horse 
drawn vehicles. = 

(2) Medium traffic, consisting of lorries and buses, with moderate 
bullock* cart traffic. 

(3) Heavy traffic, which consists of heavily laden bullock -carts and 
lorries. 

For the purpose of this paper we consider that only two classes need bo 
taken, that is, one with bullock-cart traffic and the other without. The des- 
tructive effect of tho bullock-cart is so great that when considering treating a 
road, a method of treatment has to be evolved whioh will stand up to the 
bullock cart traffic it carries and if this is done, such treatment will suffice 
for any other traffic which uses tho road 

Principles affecting the methods of dealing with tho problems ; — 

Whether it is purely for the purpose of providing a dust cure or 
w ic ior it is for providing a road suitable for heavy traffic, the first question 

no considered is what is tho existing road surface composod of. 
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Hoads in India consist ot either earth, laterite, kunkur, gravel, burnt brick 
or stone metal Four or five years ago it was not considered practicable to treat 
laterito and kunkur with bituminous materials, and even burnt biick as a road 
building material was looked on with doubt Today, however, as a result 
of experience gained in India and elsewhere, it has boon found possible to 
evolve methods of treating these materials which have not only given a dustless 
surface and increased tho lilo of tho road composed of these materials, but 
also increased tho traffic carrying capacity. 

Early attompts at treating kunkur/latcrito were not successful because 
at the timo of putting forward recommendations for treatment of roads 
composed of these materials, tho fundamental fact that unless a carpet is solid- 
ly bonded to the base it cannot last, was not taken into consideration Practi- 
cally any binder of an adhosiie naturo will bond to a clean surface, but under 
the action of traffic that surface \\ ill not remain clean very long ; on its top a fine 
dust forms and tho carpet begins to peel. This film of dust, caused by tho action 
of traffic, is added to still further if the treatment which has been applied 
to the road is blinded with pieces of aggregate harder than the actual material 
of the road, as they tend to pierce down through the top surface In 
other words, the cause of the trouble is tho formation of a dust Elm which 
destroys the bond and causes the carpet to separate from the base. There- 
fore, in putting forward a recommendation for treating surfaces composed of 
these materials it is necessary to provide a treatment which will prevent tho 
formation of dust on tho surface of the base and, if this is not entirely posstblo, 
to provide a material which will absorb such dust as may bo formed. 

To obtain the above conditions a binding material which ha3 powers of 
penetrating the crust of tho baso must be provided, and unless this can bo 
done we ato of the opinion that no cheap method oan be satisfactorily apptiod, 
and, if funds are not available, it is better to wait until they are, otherwise 
the money spent will only be wasted. 

To clarify the above we mako the following statements : — 

If the existing road is merely an earth road, it is no use attempting to 
convert such a road ll it is realised that by eo doing it will be called on to 
bear a traffic which necessitates a road with pucca foundations and a wearing 
coat which cannot bo provided owing to lack of funds, and it is better to 
leave the road in its existing stote until such time as funds have been collected 
to enable the engineer to make a sound job 

If a road has already been constructed before arriving at the decision on 
■ what typo 

bat type of 

• ■ . • been used, 

they may mako a satisfactory foundation piovided they are protected fiom 
abrasion and are waterproofed aud, provided the traffic is not heavy enough 
to cause crushing. Theso sutfaces, treated first of all with a pumer followed 
by a straight coat of tar or bitumen, will giie fair results If however tho 
traffic is mainly composed of bullock carts we recommend that the surface 
of tho existing roadway bo lightly scarified and 3 inches of either stone metal 
or well burnt brick bo spread, consolidated and then treated with bituminous 
material as for an ordinary water-bound macadam road 

An alternative to this is to lay a I inch or inches premix carnet '* - 
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thickness widening tho area of the pressure distribution, the first metbc 
preferable 

From this stage of construction we next com o to the treatment of wa 
bound macadam toads. As tho construction of stable waterbound macad 
roads has been dealt with in Paper No. K (I), it is not proposed to touch on 
methods to ho omployod to obtain tho most satisfactory results, hut it will 
obvious to you all that to obtain satisfactory results and to obtain 
maximum return for the money expended, tho water -bound macadam must 
first class. Even so, if the waterbound macadam road is left as such tmi 
exposed to modem traffic conditions, it will rapidly detciioiate for the foil* 
ing reasons : — 

(1) Internal attrition caused by one particle of metal tending to im 

in relation to its neighbour, causing rounding of the edges, loos 
ing of tho interlock, thereby allowing ruts and potholes to form 

(2) Vibration caused by fast moving vehicles which again tends 

loosen the interlock. 

(3) Abrasion of the stono on tho exposed surface. 

To avoid these it is clear that the creation of a solidly bound upper cr 
which will effectively spread the pressure and prevent the movement 
particles in relation to one another, is the only method of overcoming f 
causes of deterioration, and the best known method of doing this is 
bituminous treatments of various types By the use of bituminous materi: 
resiliency of the surface can be incieased by cushioning ; abrasion and crushi 
is accordingly decreased while the danger fiom internal attrition is lessen 
finally all internal voids can be so completely filled that it will give a vert! 
and lateral support to the metal. 


General Survey of Various Methods of Treatment : — If it is agreed tha 
bituminous material will fulfil all the claims made for it in the precedi 
paragraph-^and wo feel that this is so — the noxt points to bo considered n 
the methods to be adopted to meet the varying conditions and the vary! 
qualities of material available in India for load consti notion. There are fi 
types of construction which are now advocatod in India. 

(1) Surface treatment blinded With Band, dry chips or gravel. 

(2) Premixed chips or gravel, either singly or with sand. 

(3) Thin carpets of promixod stone with or without sand. 

(4) Grouts. 

(5) Thick carpets of premixod stone with or without sand. 


The question which faces the engineer is “What type of constructic 

T ‘ . t. -• J o" Ao have already mentioned, this wi 

■ o on the type of material availab 

distance With regard to traffi 
conditions there are two alternatives. Either the road shall be built to meet tt 
present requirements, or else one can look ahead and endeavour to esfcimal 
the futures developments of traffic If the latter course is adopted then th 
ongmpor will ho called upon to build wbat may now be an unnecessarily etron 
an<t expensive typo of construction for present conditions but should give hir 



It will therefore be seen that it is not possible to laydown any rules at 
present by which engineer* can be guided, and wo would again remind jen 
that the manufacturers of bituminous materials arc only loo willing to rend 
one of their experts to discuss your problems with ytu aid innriM'oyou in 
the light of their experience of conditions in oth< r parts ol India as to the 
best, cheapest and most suitable typo of bituminous cnn-truction which yon 
should adopt for your road*. 

(1) Surface dressing, as its natno implies is n dressing of the surface with 
a binder. The function ol the binder is to protnio n waterproof protective coat 
oter the surface of tho road, to bind tho crust and also to hind to the surface 
and to each other nil particles of fino aggregate between tho stones on tho 
road so that they cannot bo removed by trafiic. Actually surfaco dressing 
does a little more than thin, because tho method of application is to pour 
the bituminous material over tho surface of tho road and then blind it with 
stone chippings and/or sand. This blmdago is absorbed by tho bituminous 
material and in time quito an appreciable thickness of carpet is built up 
This consists mostly of Btono and/or *and and acts as a cushion botween the 
tralhc and the stones in tho road, thereby absorbing much of tho luipcct shock 
and, further moro, prevents abiaoion and weathering of tho stono of which tho 
road is composed and, consqucntly, materially lengthens tho life of tho road. 

Where tho traffic warrants it, a stronger typo of sur/aco dressing may in* 
obtained by tho application of tho bituminous material in two coats By 
this method a thicker carpot is obtained mid in naturally stiongor than the 
single coat hut this procoduro is only recommended where the water- hound 
macadam is really first class and traffic conditions mo not likely to niter 
very considerably. 

Surface dressing, if laid on a good strong macadam road, will nun 
almost an unlimited amount of motor trnihe aim an appreciable ijiinntitv 
of iron tyred bullock-cart traffic If, however, tho amount of non t\i,,| 
bullok-cart traffic is greater than sur/aco dressing will stand upfo, a umu* 
elaborate type of bituminous construction is nccnsMirj 

(2)&(3) This brings 11 s to Item 2, which is piomixcd oliippings 01 gmii'l 
either singly or with sand. Usually this typo of cm pot i« laid to a thickness 
of 1 inch and can theroforo also ho termed a surfacing method. Il\ this we 
moan that tho 1-inch carpet is laid on to tho RUifneo of tho ro.nl to piotect 
it and not, liko tho heavier typos of construction which nro dealt with fuilhci 
on, an incorporation of the bituminous material in tho road itself In nuifncc 
dressing the bituminous material is appliod to tho load mid then Minded will 
chips With 1-inch carpets tho chips and stono are coated tilth the iiitunn 
nous material before they nro spread on tho rnud A great ndtnntnge of this 
is that tho amount of bituminous material used can bo regulated mid it onii 
be predetermined exactly how much material llio chip* or grairl and until! 
available in tho locality where tho work is to bo carried out, will entry. This 
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means not only a saving in bituminous material and therefore a saving in the 
cost of the work, but also provides a more scientific method and control. 

(4) We have now dealt with surface dressing and thin carpets- By both 
these methods, it has been explained, only the crust is protected and the 
protection which is afforded by these methods is limited by the amount 
of traffic they have to carry. If it is considered that the traffic is too 
intense for these types of construction tlieu the engineer must consider a 
more expensive and more lasting method, which brings us to the grout. 

Grouting resembles water-bound macadam, except that a bituminous 
binder is used in order to hold the stones in position. In water-bound 
macadam, broken stone is spread on the road and consolidated ; grit is then 
washed into the voids with water in order to pack the stones with the grit, 
which will prevent them from being displaced under the action of traffic. 
Grouting is exactly similar, except that the water is displucaa by the bitumi- 
nous binder. The binder percolates down through the voids, coating the stones 
as it passes, until the bottommost stones are reached. Stone chips are then 
blinded over the surface with the object of filling the open voids between the 
stones, until the carpet is as dense as possible. The whole road is then rolled 
as in water-bound, after which it is given a seal with a bituminous material. 

This type of construction will cirry any amount of motor traffic and a 
large quantity of iron-tyred bullock -cart traffic, as the effect of the bituminous 
binder between the stones, is to cushion the stone so that it is able to resist 
impact shocks and eliminate internal attrition- 

The methods so far dealt with can be adopted with whatever type of 
bituminous material the engineer wishes to use, that is to say, they can be 
equally well dona with hot applied materials as with cold applied materials. 

(5) We have now dealt with light, moderate and medium heavy traffic, 
which leaves us with the lass item of heavy traffic. As has been stated, for 
heavy concentrated loads and severe impact shocks it is necessary to introduce 
the binder into the road or to coat the stones with the binder. We have 
already explained the method of introducing the binder into the road and we 
now set out to explua the method oi pre-coating the stone with the binder, 
and also to show the advantages of this method. 

The process consists of mixing grvded stone with a bituminous binder. 
This can be done either by hand — a long and rather tedious process — by 
mixing in rovolving drums, or by mechanical mixers. Either of the last two 
methods mentioned will give satisfactory results. After the stone has been 
coated it is spread to the required thickness and rolled- Chips are then pre- 
co ited with a bituminous binder and spread over the surface of the stone so 
that they will penetrate into the voids. The whole surface is then rolled in 
order to force the chips down into the interstices. 

The advantages of pre-coating the stone and chips in this manner over 
the grouting method are briefly as followings : — 

ing thla\ ^ re ™* x * n S ensures that every particle is properly coated- Ingrout- 
Mirface* p03S, blo ns the bituminous material can only coat 6nch 
fc-one as it comes in contact with. 
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(6) With premixing. tho coitmg on tho stone is thin and thcro it no 
excess of binder, in grouting tho binder ha* to find its way ns twit at it 
can into tho interstices between tho stones anJ con«ciucntly an appreciable 
quantity collects at tho bottom. Such cxco«s is not only a waste but also 
detrimental to tho road, as an excess of binder nets as a lubricant rather than 
as a binder. 

(e) premising allows a denser carpet with a irmllor percentage of voids. 
In tho grouting method, in order to allow tho binder to How down and reach 
tho stone, it is necessira to hivo fairly large interstices, betweon tho utonos, 
and tho voids between tho stones must not ho filled with smaller fragments 
otherwise the flow is stopped. Further, by premising a graded stone can l>e 
used, tnat is to say, a stone composed of varying sires of fragment*, tho 
smaller of which will fill tho voids between the larger and so give a moro 
stable carpet. 

Provided the stone metal is really hard and tough, this typo of construc- 
tion is more scientific than grouting ana it will carry the normal iron tyred 
traffic found on roads outside tho larger cities in India, ft is generally laid to 
a consolidated depth of 2$ inches. Tho cost of carrying out this typo of 
construction is no more than that of grouting on account of tho saving 
effected in the quantity of bituminous material required. 

We now come to the last stage- In premix macadam tho aggregate 
consists of graded stone and chips are used in an endeavour to fill the voids 
between the stone- While, for reasons we have stated, promix macadam 
gives a much denser carpet than tho grouting method, thcro is still an 
appreciable quantity of void left between tho stones which are not filled. Wo 
feel that it will be obvious to you all that the strongest typo of construction 
which could be laid would be one where all the voids aro filled and tho 
spaces between the stones packed tight with a material which prevents tho 
stones from moving. Ritummou9 concrete is this type of construction and 
answers the requirments given above. By taking ono size of 6tono and pre- 
coating it with a bituminous binder, to which is added pie-coatod sand, a 

mall stones are 

. pluco between 

sand is used m 

their place to fill the voids between the stones, thus obviating this possibility 
The coated sand makes an excellent material for filling the voids as, at tho 
tim9 of laying, it is sufficiently plastic to mould itself to tho shape of the 
voids and so it fills every nook and cranny in them. After consolidation the 
pre-coated sand sets haid thereby rendering it impossible for the stone to 
move even under the heaviest traffic. 

We have expressed our opinion that a carpet composed of stone and 
sand is the most scientific form of construction, because the voids are com- 
pletely filled and the maximum density obtained. 

The question now arises whether it is not equally important to follow 
this principle when blinding surface treatment In surface treatment blinding 
is usually carried out with dry or premixed chips or gravel. The fact that 
crushing or abrasion may convert a portion of this into dust suggests that 
it may be sound to anticipate this by replacing the small size of chips by 
sand, as the presence of the fine material will provide a cushioning pffect and 
decrease the risk of excessive crushing. Some engineers contend that for 
blinding a primer only sand should be used.’whereas others believe that stone 
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or gravel with sand is preferable. For a subsequent coat it is generally 
agreed that stone or gravel should be recommended. Sand, however, has 
the property of absorbing a large quantity of binder per cubic foot. This 
suggests that the cost of binder may be increased owing to a larger quantity 
having to be used- On the other hand the substitution of small chips by 
sand may effect a saving. The financial aspect, therefore, is one that can 
only be worked out locally. 

A fair amount of experiment and research on these lines has been made, 
particularly in Bihar, but sufficient time has not elapsed to produce results, 
from which it can be said definitely that the idea is a sound one, and we are 
of the strong opinion that much moro extensive experimets in all parts 
of India are necessary before judgment can be passed. As cushioning is 
an important part of the idea, fit follows that the main principle is to fill the 
lower \olds between the chips without interference with their interlocking. 
If sand is first spread aver the binder in surface treatment and then the chips, 
the sand may absorb too much hinder to allow the chips being firmly held, 
to the surface and to each other unless a greater quantity of binder is used. 
If on the other hand, to avoid using more binder, the chips are first spread 
and then the saud, possibly a day or two later, there is no guarantee that 
the lower voids will he densely packed. This appears to be of greater im- 
portance when dealing with re-treatment of nn already treated surface, which 
is hard and does uot have the resilience a primer blinded with sand, or sand 
and chips possesses when a second coat is imposed after a short interval. 

Possibly the best method of all would be to premix the chips and sand 
as though a bituminous concrete wus being prepared, but this involves the 
trouble of mixing and possibly greater expense. As we have already stated 
wo strongly belie\e that extensive experiments on these lines would bo 
advantageous. 

The renders of the paper will by now. have realised that the authors 
repaid the whole question of road improvement and construction in India 
as being in too fluid a state and too conditional on local circumstances of 
yqtA®\wA and nUnvita to enable Iwrd and fast syeei&cations to ho laid down 
There is, however, one matter on which standardisation has been reached and 
that is the size of stoiiB metal for premix carpets and of chips for surface 
dressing, aud we therefore give this information here, drawing attention to 
the fact that the principle is to attain the maximum density possible in a 
carpet (except for very large cities the necessary apparatus for exact 
grading is a'practical impossibility and therefore grading as recommended is 
the best that experience shows cau be obtained by h a ml -b leaking) and pro- 
per interlocking of chips for surface treatment. The size aud quantities given 
are normal but are subject to variations in special circumstances. 
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Gram no ash quantity of Dry Chips on Gravel 
ron ScnrAcn Tnr.Antr.ST. 


[а) If tar tt uted : — 

For first coal 3 to 3.5 cubic feet per 100 square feet 
Grading : 3 inch to Jj inch .. ... CO per cent. 

2 inch to l inch ... ... 10 per cent. 

For subsequent coats : the quantity of chips need is dependent on Ojo 
amount o( hinder used , approximately, the quantity required is 
1} to lj cubic feet per 10 pounds of binder. If the quantity to Ihj 
used is 3 cubic feet or less, then tho maximum sire of tho chips 
should bo J inch ; if 5 to G cubic feet, then tlm maximum size should 
bo ? inch . 

Grading t GO rcr cent largo sire. 

40 per cent small sire. 

(б) If bitumen is used : — 

For first coat 4 to 5 cubic feet per 100 square feet it tho surfaco boing 
treated is rough; 

3 to 4 cubic feet per 100 square feet if the surface being 
treated i3 smooth. 

The grading should bo : — 

For rough surface 3 inch to J inch ... 100 porcent. 

For smooth surfaco 3 inch to | inch ... 100 per cent. 

Grading of Stone for Premix Carpets. 

(a) If tar is used : — 

For the main carpet 3rds largo sized stono and 3rd small sized stone 
should ho used. 

For topping or wearing courses • GO per cent of large and 40 per cent 
of small stone should bo used. 


Thickness of carpet i 

Grading. 

Largo gauge 3rds | 

of total. ! 

Small gaugo 3rd 
of total. 

J inch 

1 3 inch 

2 to i inch. 

1 inch 

5 inch 

3 3 inch. 

lfc inches 

l 1 } to 1 inch 

3 „ 1 inch. 


to li inches 

3 „ 1 inch. 

inches 

j 21 to 1 J inches 

1 ., 1 inch. 
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For topping course : — 

Carpets of l£ inches and over (a topping course is not usually 
applied on carpets thinner than lj inches), 

Quantity of material required : 

4 cubic feet per 100 square feet 
Size for 1^ inches carpets : — 

4 inch ... 60 percent. 

5 inch to 4 inch ... 40 per cent. 

for 2 inches and over : 

f inch to £ inch ... 60 per cent. 

£ inch to 4 inch ... 40 per cent. 

If no wearing course is to be superimposed the quantity of chips 
should be increased from 4 cubic feet per 100 square feet to 6 to 
8 cubic feet per 100 square feet the largest sized stone remain- 
ing $ inch. 

Wearing course : — 

If the wearing course is applied dry the usual quantity is 3 cubic 
feet per 100 square feet. If, however, it is premized the quantity 
should bo increased to 4 cubic feet and the grading will be as 
follow’s •- 

For 5 inch carpet : « inch .. ... CO per cent. 

I inch to 4 inch ... iO per cent. 

For 1 inch & over : 4 inch . . ... GO per cent 

» inch to 5 inch ... 40 per cent. 

(6) Jf Bitumen is used : — 

Usually a premized macadam carpet is not laid to a greater .depth 
than Scinches consolidated and the biggest sized stone should not 
exceed If inches. If, however, n consolidated do nth of 3 inches 
or more is to be laid, theu the size of the stone may go up to 
2^ inches. 

The grading of stone for normal 2£ inches premized macadam should 
be as follows ' 

50 per cent of 14 inches to If inchos stone. 

25 per cent of 1 inch to 1* inches ,, 

25 per cent of 4 inch to f inch „ 

Mixed seal coat 

If a mixed seal coat is used it should consist of S inch to i inch 
stono chips or giit, 8 cubic feet of chips being required per 100 
square feet. 

If a liquid Beal coat is used then the chips should bo applied dry at 
tho rate of G cubic feet per 100 square feet the size of.Jtho chips 
being 4 inch gauge 
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In conclusion tho authors hope that this paper will proto of intereit 
to members of Indian Roads Congress and will stimulate thought and dis- 
cussions on methods of bituminous road construction. Wo rcitorato that 
the main points wo have tried to bring out aro : — 

(o) Not to wasto funds on expensivo types of road construction when 
a cheaper treatment would bo sufficient for existing conditions 
of traffic. 

{ b ) To ovolvo by experiments and research tho best ways of ofTocting 
tho cushioning that is 60 desirable to defeat tho crushing of stono 
chips undor heavy traffic, especially undor iron tyred bullock- 
cart traffic. 

(c) To utiliso to tho utmost tho oxpericnco and research work of tho 
various manufacturers of bituminous products by bcoping in touch 
with the technical staff of thoir organisations. 
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DISCUSSIONS ON PAPER No L. 


Colonel G. E. Sop with (Author) : — A perusal of the paper will have 
prepared you for the fact that the Authors are not convinced that tho present 
is the time for the production of a compiehensiie Code of Bituminous prac- 
tice. Our view is that, while undoubtedly such items as the preparation 
of the road prior to treatment with Bitumen or Tar can he dealt with and 
also such as sizo of metal and chips, the methods of constiuction nnd of 
application are in a constant state of flux This is not of great impoitance 
to those engineci 8 who now habitually use bituminous binders and are in 
touch with the manufacturers, but we feel that, in areas and places where 
road improvement has not started or is in its early stages, the provision of 
specifications direct by the manufacturers backed with personal experience 
at the site of work, is, in our opinion, a sounder method than the possible 
wrongful interpretation of hard and fast rules laid down by the Indian 
Roads Congress. 

That is our view but the decision on this must rest naturally with 
the members of the Congress and it is for them to decide whether a Code 
should be written tiow and, if so, how far the Code should go in detail 

If the Congress decide in favour of a Code, whether covering the 
whole ground or only part of it at the present time, we are strongly of 
opinion that it should consist of a combined section in which details of such 
matters as preparation ol surface, which me common whatever pioducb may 
be used, should be set down and then of separate sections dealing with the 
specifications for Bitumen and Tar lespectivelv, as, owing to certain funda- 
mental differences in characteristics, it is impossible to produce specifications 
which can without alteration bo used, no matter which binder is chosen. 

We need sc.ucoly add that, should the decision of the Congress be in 
favour of a Code now, tho manufacturers will give all help m their power by 
preparing specifications and so on, to aid whatevei body may be set up to 
draft the Code 

We would like to add that we wrote the paper purposely in very 
general terms because we thought that thereby we should get possibly more 
constructive criticism We havo received advance copies of remarks by two 
members which suggests that we were correct m our supposition Doubt- 
less, we shall bear further criticisms during the discussion and will deal with 
all of them at the conclusion 

Mr. W. L. Morrell (Bihar) I confess that I had been anticipating a 
piper which would be a first step to enabte the Indian Roads Congress to 
arrive at standard specifications for different methods of construction and 
maintenance in diflcrent zones in Indta 

And I am disappointed. 

In tho first place, 1 cannot agree that the present is not a suitable 
time to lay down hard and fast specifications for bituminous work. Indeed 
these specifications are already long overdue 
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The United States of America and most of tlm British Dominions 
have fur \eais had definito codes, though the climatic and physical conditions 
m those countries ate no less diversified than in India. 

If wo feel that the specifications wo use to day are likely to ho super- 
seded tomotrow, we can do as tho Country Hoads Board, Yictotia, have done. 

By undoing a cord which binds their "Book of Instructions on the 
Bituminous Surface Treatment of Roads, 193G ", it is possible to quickly 
take out old loose leaves, and add up-to-dato leaves. 

While referring to this book, I would suggest that we might well 
follow its Divisions 2, 3, o and 6 A cop\ has been made available in tbe 
Congress Libraiy. 

My next point is that, though I know that the producers of bitumen 
and tar are always ready to help and advise engineers on their problems, I 
do not think that we, road engineers, can now lemnin content with an 
arrangement winch ties us to the apion strings of tho tar and bitumen 
producers. 

In the absence of standard specifications for even tbe simplest work 
we must appaieutly go running to the producers for advice. 

Personally I think the arrangement is intolerable 

I would go fuithei and say that, if wo aio to ha\o teachers who must 
advise us oil each and everything wo do, wo are entitled to expect that our 
toachors should keep us up-to-date. 

In this lespect I am anxious because our teachers, tbe authors of tho 
paper, appear to have failed us in tho following points: 

(1) Tho paper lefers to the Bihar process of using a primer coat of 
tlun binder and sand in conjunction, with a second coat of thicker binder 
and chips, ns being experimental. 

It is nothing of the sort 

Two-coat woik has been tho standard praotico in certain States of 
Australia for a number of years. 

So far as Chota Nagpur is concerned, it is now well over two years 
sinco I discarded tbe specification of the tar and bitumen producers in India, 
and adopted tho overseas method, suitably modified to suit Indian conditions 

Fcrmit mo to enlarge a little on what has been leferred to as the 
Bihar process. 

According to the instructions received from the tar and bitumen 
interests, we used to spend a lot of time in 1935 nnd 1936 in Chota Nagpur 
thoroughly cleaning tho water-bound surface and opening tho interstices 
between the pieces of metal so that the edges of the metal were proud to 
the extent of WIG to 3/lG of an inch. 
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Besides the extra co^t of this thorough cleaning, the old method had 
two great disadvantages. 

In some cases the metal became loose and theie was difficulty, not 
only in brushing the dust out of the interstices, hut also later while spread* 
ing the binder. It was difficult not to dislodgo the pieces of metal also. 

The other great disadvantage was that the consumption of binders, Road 
Tar No 2, Spramex, or Socon\ 105, was \eiy high 

The tar went down at about 50 pounds and the straight bitumens at 
about 60 pounds per hundred square feet 

This consumption was higher than ndvocated by the tar and bitumen 
interests but we could not do much better in practice 

Having seen the priming coat system in use in Austiali.i, two yeais 
before that, I decided to pay less attention to cleaning, and to attain the 
necessary keying to the water-bound surface by using a more penetrating 
primary binder or primer. 

As No. 1 Road Tar was a good deal cheaper than th9 bitumen com- 
pounds, we tried it, and found that it went on at 3o to 37 pounds in cool 
weather, and 30 to 32 pounds in warm weather 

But this did not soak in lapidly enough, and it had to bo blinded or 
blotted with sand at about cubic feet per hundred square feet. 

After about 2 months we did the second coat, or body coat, with 28 
to 30 pounds of Road Tar No. 2 or 30 to 35 pounds of straight bitumen, 
depending on whether the weather was hot oi cool It was generally hot 
This bodv coat of binder was blinded with ^ inch chips (Indian Roads 
Congress Standard), 3^ to 1} cubic feet for the ta», and i inch size to 5 
cubic feet for the bitumen 

Tins has been the standard practico for nearly three seasons, except for 
some lnciease in the quantity of chips 

We claim 

(i) Less trouble with the water-bound surface, and more speed in 
getting the work done efficiently, with less supervision. 

(ii) Somewhat less expense, as the amount of binder used is much 
the same, and the No. 1 Road Tar is cheaper than the straight bitumen it 
displaces 

(in) The primer penetrates to a cet tain extent the blinding material 
between the pieces of metal, thus ncting as a shallow semigrout and streng- 
thening the road crust 

(if) The primer makes the oaerlymg blinder and chips of the body 
course stick more strongly to the pieces of metal in the road surface This 
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is especially important where the stone metal has a greater affinity for water 
than it has for the binder used with the chips 

(t*) The No. 1 Road Tar and sand form a film rich in binder and so, 
capable of absorbing some finei material, thus delaying or preventing the 
formation of the dust film 

(w) The No. 1 Road Tar and sand form a cushion between the stone 
chins above and the road metal below The chips, under very high com- 
pression between the steel t\re and the pieces of road metal, aie less likely 
to be crushed when so bedded or cushioned. 

This is reatl) a modification of the Ameiican and Australian universal 
practice of priming. They use much less viscuous primers, and they use 
them cold. The primer is allowed to stay on the road till it is pretty well 
all soaked into the watei-bound macadam so as to allow traffic in 24 hours 
even without any sand being used to blind or blot it. These countries, 
however, have not got the steel bullock-cart tyre problem, and so, the No. 1 
Road Tar, really used by Chota Nagpur in the first place as a make-shift 
primer, is ptobahly better for India than the thinner unblinded primer used 
m America and Australia. 

We are now trying cold bituminous binders and sand but it 'Will be a 
year or two before we can start forming conclusions. 

(2) The paper does not mention the process known as " drng-broom- 
ing ” and which is described by Captain Graham in his paper intro- 
duced to this Congress today 

In Chota Nagpur we have done a little drag-brooming and we have a 
larger programme in the current season. 

It is my firm conviction that, just as the Chota Nagpur two-coat work 
is a great advance on the heavy single coat work advocated by the authors 
of the paper, drag-brooming IS a great advance on the two-coat work I ttttro - 
duced into Chota N.igpur, 2 or 3 years ago- 

(3) The paper fails also to mention the most efficient rf all methods 
of surface-treating a road- I refer to the method of spreading a pre-mix by 
means of a sort of drag-planer, a process called "* Drag-Spreading- ” Origi- 
nating in Australia some G years ago, this method is now superseding othet 
methods, even in America- 

It is true that drag-spreading makes somewhat higher demands on 
plant control, but the method is very economical in binder material, which 
is the chief item of expenditure in our work- Apirt from this, the drag- 
spreading method gives the perfect riding surface, and our teachers might at 
least have mentioned it in the general survey- 

As regards the grading and quantity of dry chips for painting purposes, 

I think the authors have given some very useful figures ; hut I would like 
to make a few suggestions- 
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(а) Instead of mixing the large *ire and *n all ««*» chip* «r 1 tt »i 
spreading the mixture oret the hinder on the ro»n »utUc«*. it n t*tw ti 
spread the lirgo sire first, roll once to lix#ibe hrgc «u** chip*, an 1 Urn 
spread the small size- 

This method results in W« chips Ikmpi; thrown off the read b) *ul» 
sequent traffic, and hence a thicker seal coat results 

(б) Some mention might have hcen made of the economy that can le 
achieved wherever chips are ver) expensive and sand t* cheap. b) using a 
less amount of chips ana making up the deficicncj with mr<I In this case 
the chips are spread evenly and fixed by rolling occc i r twice before spread- 
ingthe sand, and then fully rolling- 

It is to be hoped that the tar and bitumen producers in India will goon 
reconsider their decision not to draft a scrips of rone specifications. If the) 
have sufficient zone knowledge to enable them to advise, then the) must 
have sufficient knowledge to enable them to prepare broadzono specifica- 
tions- 


If necessary, wo, road engine* rs, will ourselves toko on tho job of 
preparing tho specifications, though our daily routine duty and numerous 
special and urgent jobs allow us v* ry little time for Mich woik. Hut a nicer 
*» and more helpful company than tho representatives of tho Tar and Bitumen 
interests, would bo very hard to find, and ft f« fnconrolvablo that thoy will 
continue to withold tho specifications. 

Mr. JT. Das Gupta (Calcutta) A* an engineer of one of tho princi- 
pal asphalt manufacturing firms, I /col that f nui eowpefent to My one or 
two words about the cxcillcnt pit per presented I.V mV /< lends, Coloctl 
Sopwith and Mr. Griffiths. 

For treatment of kankar, lateilte and broken hii(i|(«, I hoy lecltimnend 
two troatmonts, namely ; 

(1) Two coat treatment using a fnlmei foi I lie fir nb cfiiit, 

(2) Providing ft tuche* minim umUt awl limit lv«i (MwA yalwUwft 
road n-cn frying some bollock curl tmllU 1 , 

I agroo with liiem, hut I would like In snggesl, Mi lillciinillVh liieiitim'nl 
which I Hpoeified for a road In North Ulhni ullil fnlllid It In lie tun HutUiw. 
toiy for localities wheio slone In Very MpelialVe h fill fill | nulls ph Hying 
fairly lioavy hlillook eail trnflie. 

This treatment, which Is known <n !lj Inch ffltaei niHfaujithl f<«||K|#|t»A 
in laying; 

(1) 1 Ineti to y Inehes jhnliirt n| nVeiliUMd til III. HiMmIi pin hlhhl U ||) 1 

n eulimek nshphall hi hIioiiI t*C| Hlhle b-ld |<h| {(III W|l|tM|i limi. 
About l/.tnl jjttllon of ind hhf.|. tvus IIshI |ii-i it (d Mmii,' 

metal. 
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(-) Pre-mUed sand «c»I nt 1 cubic feet per 1 00 «Qiiaro feet About 
3/4 gallon of cutluck was peed per cubic foot of pawl. 

The cost of this treatment at this plico was Its. 1G'5/- jxir hundred 
square feet, which compares favourably with the co«t of providing 3 inches 
metal and subsequent two-coat painting. 

As regards the reasons for the failure of water-hound roads, on page 4 (l) 
the authors have not taken into consideration two more reasons, which are : 

Actual crushing of the metal 

Destructive action of lainfall 

In paragraph 2 on page 4 (1) while enumerating the advantages of 
application of bituminous products, the authors have, unfortunate]), 
overlooked tho most important property » e. tlio water-pioofing property 
of bitumen. 

As regards the classification of tho tapes of construction, I think 
that treatments 2, 3 mid fi aio virtually the Paine and we may term these 
ty pes of work as pro-mixed macadam or plant-mix macadam. 1 would like 
to suggest tho following classification, which you will find is more 
scientific : 

(1) Surface treatment. 

(2) Pro-mixed macadam. 

(M) Penetration mneadanr or Grouting. 

(4) Bituminous concrete. 

(3) llond*mix or mix-in-placo construction. 

As regards the choice of specification, tho authors have considered 
two conditions, namely, traffic and availability of road metal, hut they 
have unfortunately neglected the most important condition, that is, funds 
at disposal* 

Referring to lino 13 of page 5 (I), you will find that they have used 
the words — best, cheapest and most suitable. Well, tho teims“best ar >“ 
“cheapest” are always contradictory. I think the words most 
economical " would have been most suitable 

Now, regarding tho choice between pre-mi red macadam and grout, 
tho authors ha\o shown preference for the former type of construction. 

1 agree with them that in this typo we requite less bituminous material 
and the aggregate can he uniformly' coteied. hut, I believe, the choice really 
depends upon the intensity' of traffic and the quality' of tho aggregate 
as^ leguds Bitumen-water Affinity. It has often been found that the 
thin film of bitumen round some particular class of aggregate peels off 
by’ the action of rainwater. With this type of aggregate and with roads 
cirry'ing intensely heavy’ bullock-cart traffic grouting should bo 
recommended. 
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As regsuds scientific control, I believe it applies equally to pre-mix 
carpeting and grouting. II) taking a weighed quantity of bitumen and 
spreading it over a measured area, we can oasil' control tho rate of appli- 
cation Further, grouting has several advantages over the pre-mix tv po of 
work as regards operation, which are ns follows — 

(1) No overhead charges f>>r hire and transport of mixing 
plants- 

(2) Easier to lay . nverago skilled cooly can produce excellent 
results. 

(3) Greater factor of safety hy having a relatively large 
quantity of bitumen. 

The superiority of grouting work lies in : — 

(1) Relatively thicker film in between tiro metal and the chips, 
which makes the pavoment more resilient and durable 

(2) No stripping of bitumen by the action of water m ease 
of silicious stones, such as granite, quartz, quartzite otc. 

(3) Greater carrying capacity, specially for the iron-tyred 
bullock- carts 

Mentioning about the defects of grouting methods, the authors have 
mentioned that the excess binder acts as a lubricant- I do not know much 
about tar, but I can say that 30 to 40 percent penetration asphalt, when 
used at the coirect rate, cannot net as a lubucant at oidmary tempera- 
tures Besides, tiie metal and the chips are interlocked together. 1 am 
mclined to think that, up to a certain limit, the thicker the film, the greater 
will be the adhesive strength for bitumen and, therefore, the greater 
the stability of the pavement A stone, coated with a thin film of hinder, can 
easily be dislodged, but with a relatively thicker film, it is quite difficult 
to do the same. So, excess bitumen is an advantage- 

Their second point is that the quantity of bitumen that may be at 
the bottom during the process of grouting is a waste. I again differ with 
the authors In Bengal, the Beal coat is given after 3 — 12 months and 
itnYDS Vtiett VrtflWftw* town VYra krcA/Vcm •retrt’es xrp by 

the action oftiafhc and heat 

Referring to paragraph 4 of page 7 (l), we find that the authors pre- 
fer one size of stone rathei than graded stone for making bituminous 
concrete, as they consider that the smaller size chips would interfere with 
inter-locking I agree with them so far. But, the point which disturbs me 
is, whether the sand-bitumen mastic, in between the voids of one size stone, 
would be as strong as graded smaller chips and sand- I think the main 
principle in bituminous concrete lies in the elimination of all voids by using 
graded chips, sand and filler in such percentages which very nearly correspond 
to the Maximum Density curve- With open graded pre-mix, however, we can 
eliminate filler, and even sand, but we must have graded chips to fill up the 
voids of the immediate larger chips. Moreover, in bituminous concrete 1, 
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of work, tho stability is obtained by filling up of all voids and not by 
mechanical interlocking. If wo no not put the graded chips, we cannot 
call it a bituminous concreto typo of work; we should rather name it 
bituminous macadam 

In tins latter typo of work, my experience is that it is much hotter to 
put pro-mixed sand on top of pre-mixed stone chips rather than mix the two 
together. Tho pro-mixed sand seal provides a very strong hard non-abrasive 
skin quito fit to combat tho heavily laden iron-tyre of hnllock-carts. 

Mr. G B. Vaswani (Karachi! 1 Tins piper lias been written by 
Colonel Sop with and Mr- Griffiths. Colonel Sop with, as you know, 
represents the Shalininr Tar Company, and Mr. Griffiths represents tho 
Burmah-Shell. The meeting of these two gentlemen on one platform is like 
the meeting of tho Ganges and tho Jumna at the confluence. It is tho Hoads 
Congress that should ho congratulated for having brought theso two ex- 
perts of different companies on one platform. Iloforo tho Hoads Congress, 
I remember the days when tho representatives of these two companies used 
to speak against each other. Now the tuno Ins come, with the efforts of 
tho Roads Congress, when both can combine and give us a specification 
which would he useful to tho benefit of all. The representatives of the asphalt 
company used to tell us to repaint tho asphalt road with asphalt only, 
similarly the tar company desired that once the surfaco is tarred, it should 
be repainted with tar only, so as to maintain it a tar ro.id Wo found on 
oui inspections that if tho pre-mix done with tar was given a coat of 
Socony asphalt or Spramex, tho results were satisfactory This is the first 
paper written by the lepresentatives of both tho companies jointly and I 
hope that they will draw further specifications for the benefit of the 
engineers and give us expert advice and thereby save the tax-payers' money 

Mr. A. K. Dutta (Calcutta) : — Bituminous Bonded surfacing on R.B C. 
foundation is 

(l) Excellent for Bengal where stone ballast is very costly. 

(21 Excellent for Bengal in case of new roads where there is 
likelihood of settlement. 

Mr. Vaswani said about the combination of the representatives of 
Messrs. Shalimar Tar and Messrs. Burmah Shell in producing the new 
paper on bituminous roads 

I come here with a suggestion where cement companies can co-operate 
with Tar and Asphalt Companies in pioducing a better class surfacing 

We saw on our first day, while inspecting the Calcutta- Jessore Road, 
about 6 inches Reinforced Brick Asphalt Concrete road, constructed in the 
year 1932 and its condition in 1939 1 e , 7 years afterwards is still ideal 

In case of new roads this construction is ideal as there is every 
chance of settlement of the foundation Asphalt surfacing will yield 
with the settlement, whereas cement surfacing at top would then crack. 

I a3k the writers of the paper their suggestions as to the most economical 
bituminous surfacing o R B C. foundations 
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Colonel 6 E- Sopwith (Author) — In intioducing our Paper we gave- 
our reasons why we have not given the necessary details to enable the- 
production of a Code. I do not, therefore, propose to reiteiate our 
reasons and will go on to Mr. Murrell's further criticisms. 

(i) I personally do not believe that the system tried in Bihar of a 
primer coat of tlnn binder and sand with a second coat of a thicker binder 
and chips is the last word on the subject It is too complicated a subject 
to deal with withmthe limits of this discussion but I definitely think that 
it merits constant thought and that it is still in the experimental stage 
and it might form the subject of a special paper before the next Congress. 

(u) Mr. Mnnell has asked why we have omitted drag-brooming- 
Briefly, our reason for doing so was because the paper was written in 
general terms and was written in view of the existing work which is 
carried out in India. We are quite prepared to assist engineeis who 
desire to carry out drag»bioommg, but our own opinion is that equally 
satisfactory results can be obtained by hand-brushing by coolies. 
Although not mentioned in the lemaiks we have frequently heard this 
process called “mix-in-place” So far as we are aware, this term is used 
only for a different process involving the use of giaders, wind-rowing, etc, 
and we think that to use the term for a totally different process is 
apt to lead to confusion and misunderstanding. 

In our paper we have mentioned two-coat work and we do not- 
fully appreciate Mr Murrell’s suggestion that we have ignored this type of 
construction, but there again we must point out that in our paper we 
have only briefly mentioned all types of construction. Both coats 
have their value according to local circumstances and these are so varied 
that a selection of method has to be adopted on individual merits. 

We should like to point out that the use of the word ‘ Primer ’ is apt 
to lead to misunderstanding, as primer coats are usually light applications 
while first coats are normally heavy ones. 

(ill) Mr Munell refers to drag-spieading, This involves the use 
of more plant and we feel certain that Mr. Murrell will be the first to- 
agree with us that the entire road development of India is held up through 
the lack of funds which prohibit engineers from purchasing materials and 
plant necessary to enable him and them to give the results which the 
general public expect. We could have said a lot about this method of 
construction but we felt at the time of writing the paper that it was un- 
necessary to enter into the details. 

(a) The spreading of the large size chips first, rolling once ana' 
then spreading the small size and rolling to set is unquestionably a sound 
method and we regret we omitted a reference to this (while trusting that 
Mr. Murrell will accept the fact as an oversight and not a demonstration 
of our not being up-to-date). 

We did not mention specifically the possibility - of using sand and: 
chips instead of chips only for cheapness In our view ft deeper principle 
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is onj'r\fjo<l. Wo contented ourselves with using tho phrase “chips and or 
sand Wo huvo already referred to this in our comment on sub-clause 
(l) of Mr Murrell’s remarks. 

Mr. Murrell was pood enough to give us some rough comments on 
our pipoi some timo ago and amongst them made the remark that mo't 
of what will ho known n .known now". Wo do not think Mr. Murrell 
meant, us to take this too literally, for that lino of thought would be a 
partial deterrent to constructive thinking and no ono can accuse 
Mr Murrell of that. Speaking personally, I thought, when I left the 
service, that I know quite a lot about road construction and maintenance. 
Now after having concentrated my mind solely on roads for 8 years, 1 am 
not bo confident. While wo certainly know a lot about existing methods 
wo aio, in my viow, still far from perfect methods which only constant 
thought, icscarch and practical experiments can help all of its towards 
1 think the leally great changes in method that have occurred in the last 
decade aro a fair proof of the correctness of this viow. 

Reply to the Comments made by Rai Sahib Tulsidas Bancrji": Tho 
practical point affecting a carpet of graded stono and a bituminous concroto 
is that, while a dense mixture of graded stono is necessary to obtain tho best 
rosults, thogrnding must bo very oxact and bo proportioned through all sizes 
from the hugest down to6tonodust This can only lie done if very elaborate 
and expensive stone-breaking plant exists and this i9 not financially possible in 
India to-day, except m very largo cities Wo havo to roly on rough and ready 
grading, whioh is all that hand-lit caking can produce. If the stone is very 
hard and not brittle* it is a very satisfactory method but otherwise, there 
is tho fear of dualling, hocause tho mass is not denso enough. Honco the 
introduction of sand m place of tho small pm tide, ns by this method, tho 
voids aro completely filled. It is truo that more binder is necessary but 
tho use of sand, if cheap, instead of small particles, which are usually 
•oxpenBivo, more ofton than not, balances tho expenso of extra hinder and 
the finished cost raiely oxcccds that of a pre-inixcd aggicg.ite carpet. 
Incidentally, if a graded carpet is constructed whero a mechanical stone- 
hroaking plant 19 in existence, the hinder used is nofttly os much as in 
-constructions such as Shelcioto or Tarcrcto and the cost much greater. 

The sand acts partially ns a cushion and prevents the breaking of 
stono when the latter is hlittle. The sand is also, by its nature, bar an 
in actual practice takes, and is capible of taking, traffic without destruction 
of the metal particlos ; in othor avoids tho weaving is either less or even. 

Tho quantity of binder is carefully designed to give, a thin film 
on each paifcicle of stono and sand. No excess to causa tacking, therefore, 
•exists. 

The question of absoiption or xeflection of artificial light by road 
surfaces is of great impottance. A study of technical publications for some 
years past will show that it is boing investigated in America, Great Britain 

* These comments wete lecmvert by post and are punted under Correspon- 
dence on page 22 (I). 
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and on the Continent in all its aspects. So far, though considerable 
progress has been made, really satisfactory conclusions have not been 
reached. Such investigations are very expensive and, in the present 
stage of load development in India, it would appear wise to watch tho 
results of investigations elsewhere and to adapt to Indian conditions 
methods which may be satisfactory evolved 

Slipperincss is the bane of all road-users and constant research into 
the best method of pioducmg non-skid sui faces is carried out and results 
incoiporated m actual construction in India as well as in other countries 


CORRESPONDENCE 

I '’Comments by Rai Sahib Tulsidas Banerji, M. E. S , Jabbnlpore, 
received by post. 

I congratulate the authors for their verv excellent papei covering 
practically all the essential features of a good road. There are, however, one 
or two points, which should be clarified. 

Regarding pre-mix macadam, it is stated on page 7 (1) of the paper 
'that the strongest type of construction which could be laid out would bo one, 
where all the voids are filled, and the spaces between the stones packed tight 
with a material which prevents the stones from moving. Bituminous con- 
crete is this type of construction and answers the requirements given above 
By taking one size of stone and pre-coating it with a bituminous binder, to 
which is added pre-coated sand, n strong dense carpet is obtained In view 
of the fact that no small stones are used, there is no danger that they might 
not go into their proper place between the big stones . ...The coated sand 
makes an excellent material for filling the voids " 

The idea apparently is to have a dense mixture. But it is a well 
known fact that the densest mixture occurs only with stone metal of different 
sizes so graded that the voids of each size are filled with largest particles going 
into them and the bitumen provides only a thin film, just enough to firmly 
bind the stone particles together. Voids in similar sized particles are very 
high averaging over 42%. This equally applies to sand, which in turn 
means laiger quantity of bitumen. Then, as the voids will he filled with coated 
sand, it would be interesting to know' its actual effect on the road surface 
Will the sand wear uniformly with metal or would it produce a wavy surface ? 
How would the excess bitumen react on the road surface ? It is very likely 
that it would exude upon the surface by the action of heat and traffic and 
tend to make the road slippery. 

Now that the motor vehicles are daily increasing in number and craze 
for speed is on the ascent, control of speed is getting more and more difficult. 
Roads will now have to be made to suit the speed It, therefore, follows 


Colonel G. E Sopwith’s reply to »be«e comments appears on page 21 (I) 
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that any measure, however slight, which affords increased safety on the 
road, merits consideration: 

Slipporinecs holps skidding, which may result in fatal accidents Tho 
aim should, thoroforo, he to provide non*shppery surface, mosaic in appear- 
ance and skid-resistant at high speed. 

Another aspect of bituminous roads, which requires investigation, is 
tho extent to which they absorb or reflect artificial light such ns powerful 
head light of a motor car. It is a matter of common experience that wet 
and smooth surfaces give increased glare. In wot roads, perhaps tho film of 
water covering tho surface nets as a reflector, and breaking this up b) pro- 
vision of a suitable surface texture might reduco tho glare of approaching 
head lights. But to nirivo at scientific data, tho cause of and remedy for 
slippormess and glare should bo carefully studied and tests carried out under 
varying conditions prevailing in tho country 

II Reply by Colonel 0 £. Sopwith and Mr. W. A. Griffiths (Authors) 
to the comments" of Mr. N. Das Gnpta. 

Mr. Das Gupta's remarks aio of interest and value. Taking the points 
in Older — 

(a) Ticatment of kankar etc — Our piper deliberately did not go into 
all ths different methods of treatment, designed as it was to elicit construc- 
tive criticism. A lefcrence to tho piper will show that wo gave well-burnt 
brick as an alternative to stone metal. The method suggested of pre-mixing 
the brick metal and super-imposing pre- mixed sand is interesting- The reason 
we suggested 3 inch thickness was to get less pressure per square foot on the 
original surface and our experience suggests 3 inches as being better than 2 
inches unless the subgrade is really solid. It appears to us that the solidity 
of the Bubgca.de is the ruling (actor for depth of metal. 

(fc) Reasons for f mint e of i eater-bound roads . — We are afraid we took 
for granted that members would appreciate that crushing of the stone metal 
itself is an obvious reason for failuio and we endeavoured to make clear that 
if the stone is liable to crushing some method of cushioning is of vital 
importance- 

We also assumed that members would realise that waterproofing is a 
vital principle and that it is automatically pioduced by bituminous treatment 
but we should perhaps have said so definitely. 

(c) Classification of types of construction. — The suggestions can be 
considered by the Technical Sub-Committee and a standard eventually laid 
down. We are not, however, sure whether it is wise not to differentiate 
between thin and thick carpets, while item (2) as given by us refers merely 
to pre-mixing the chips or gravel for surface treatment and is based On 
somewhat different principles than those of carpets- 

(rf) Funds at disposal . — We agree that " most economical ” is a better 
term th an “Cheapest and best”. 

* These comments aie printed undei Discussions on j>nges 1G (1) to 18 (l). 
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lading the pre-nnxrd chip* an<1 *uj>rr-im|f»*inc the | re murl * and in»V»d of 
mixing the two together first We do not thinh that the e«*ential prmcij le rf 
completely filling the lower void* i* certain to t-e fulfilled h) -this method 
and we think that there is danger of collapse if the atone i» not verj hard 
and *o cru«hahle under scry heavy t rathe 

The criticism is constructive ana, therefore, valuable ami worth consi- 
deration hy the compiler* of a Code, if and when the latter is written One 
vital point in such a Code t*. in our view, the complete bifurcation of the 
sections dealing with Ihtuincn and Tar after a preliminary tection cm 
hodjmg *j*ccifications common to both for prelunimrj treatment of auifncc* 
before application of the bituminous product*. The detail* of a Code and 
the extent to which it is now possible to produce one is for the further 
consideration of the Technical Sub-Committee, who would put tip their 
opinion for the decision of the Congress. 
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REVITALIZATION OF TARRED OR BITUMENED SURFACES BT* 
MIX-IN-PLACE METHODS USING CUT-BACK ASPHALT. 

By 

Captain R. C. Graham, R E. p 
E xecutive Engineer, P.W.D., Buildings A Roads Division, 
Peshawar Cantt. 

This Paper deals exclusively with an operation actually carried out in 
Peshawar, North We9t Frontier Province, and, as such, is a description of 
that work and is not meant as a rule laying down how similar work should 
be carried on elsewhere. Conditions vary in different places hut where metal 
and bujn are cheap the Paper may be taken as a guide for the type of work 
carried out 

The author has been faced on a number of occasions with the problem of 
how to deal with disintegrating tar and bitumen miles laid in the oarlier 
years when such processes were first applied. It appears that in the North 
West Frontier Province (and quite possibly in other parts of India too — 
though the author has no knowledge of this) such surfaces often break up 
badly. The probable reasons for this have been looked into in detail by 
the author ; they are numerous and open up a problem quite separate to the 
subject of the Paper The chief reason appears to be overheating of the 
binder, while laying, by an ignorant staff. The fact remains, however, that 
the binder loses its viscosity (perhaps better described as its elasticity), dries 
out and breaks up under traffic into dry pieces which powder easily in one's 
fingers When this starts, the road surface rapidly disintegrates forming 
many pot holes 

The question then is — what should be the remedy or remedies ? They 
are numerous but the four mam ones may be described as ' — 

(1) Removing the road surface, rcmetallmg and surfacing. 

(2) Scraping off the top surface, levelling up the existing metal’by 

adding very small quantities of half-inch gauge metal and 

surfacing. 

(3) Keying the existing surface (or removing it completely) and adding 

a premix carpet. 

(4) Adding a mix-in-place process to the existing surface, having first 

filled in the pot holes thoroughly 

Processes 3 and 4 should only be applied when the engineer in charge is 
quite satisfied that the material in the existing surface (this does not include 
the road base and the old metal below the surface each of which is assumed 
to have reached its final settlement) will bear the pressure of the traffic as 
applied to the now surfaces to be added, t e., he should be quite certain that 
the old surface will not crush under load and so cause waving and depressions 
in the new surface. If the latter occuts the life of the new surface is 
obviously shortened. 



Concrete is definitely not mentioned because, unfortunately, it is too 
expensive for the North West Frontier Province) —whose finances are meagre. 

Tho Paper deals with tho Saddar Hoad ; this runs through the shopping 
contra of Peshawar Cnntonmcnt. Tho average daily intensity of traffic is 
about 200 tons per foot. 

This may not appear a largo liguro but, in actual fact, owing to its 
continual stopping and starting when visiting shops, tho traffic docs exert a 
very much higher road wearing factor than a similar intensity would on an 
opon road. In addition various building operations seem always to ho in hand 
in the nearby bazaar and a considornhlo number of heavily laden bullock-carts 
(with narrow wheels) carrying bricks pass to and fro. 

In 1933-34 tho surface was ro*treated with a cold bitumen emulsion ; 
the blinding used was half-inch loci! nullah Imjri which is cheap and also 
hard wearing This stood up well for two years hut, in 193G, tho surface 
began to show signs of wear and patch repairs became necessary. These 
patch repairs unfortunately could not keop lip with tho wear and early in 
1937 it was obvious that special repairs wore necessary. 

After duo consideration it was decided that a mix-in-plaeo treatment 
would bo tho most suitable on tho grounds that other processes, like ro- 
motalling, would take too Jong and would, therefore, interfere too much with 
tho shopping traffic. 

Work was carried out during tho ond of September and the beginning of 
October 1937. Tho weather was fino with no rain at all Tho average 
maximum day shade temporaturo was 94.3 degrees Fahrenheit. 

Bcforo tho materials wero collected at site, it was decided to order a 
special drag broom which lnttor is essential in tho process. It lias been found 
from past cxporienco that locally inado drag brooms aro not efficient but a 
vory suitable ono was procured from Cawnporc, vide plate on pago o fp). It 
is interesting to note that tlio brushes aio very easily replaced by virtue of 
tho fact that fclioy nio bolted into tho cross beams. 

First, the road surface was thoroughly well cleaned and, concurrently 
with this, all depressions in the surface itself and all pot holes weto cleaned 
out. They wore then painted all round with cut-back Asphalt. Tho latter 
material is a proprietary article which is applied cold. After this application, 
the depressions and pot holes wero filled and rammed up to tho existing road 
surface level with three-fourths inch gauge chippings mixed with crushed 
stono and cut-back Asphalt at tho following rates : — 

Half cubic foot Chippings broken from G inch blue limestone River 
boulders. 

Half cubic foot Crushed stone. This was obtained from the small 
pieces which came from the breaking of the chippings. About i to 
* inch gauge. 

Four pounds of Cut-back Asphalt. 

The road surface was now sufficiently level for the whole of it to be 
painted with cut-back Asphalt prior to the addition of the stone material for 


’the premix. Tho cut- back Asphalt was applied at tho rato of twentyfivo 
pounds per hundred square foot. Tho work was dono in strips of one hundred 
and fifty feet at a time for tho whole width of tho road which is sixteen feet. 
When this painting was completo, three-fourths inch gauge clippings wero 
-spread at tho rate of four cubic feet per hundred square foot of tho road 
Surface. 

While this was being dono, a second length of ono hundred and fifty feet 
was being painted similarly to tho above. This was completed with chip- 
pings in duo course making a total of three hundred feet ready for mix-in- 
place work. 

The three hundred feet was then subjected to tho drag broom which was 
originally drawn by a motor car. Tho object of this was to demonstrate to 
the steam road roller driver how the drag broom should be applied as it is 
essential to impress on the workmen that tho drag broom must neither bo 
drawn too quickly nor jerkily. After a short demonstration tho drag broom 
was attached to the steam road roller. 

The object of the broom was to turn over these chippings on top of the 
painted surface until such time as they became fairly coated with the cut- 
back Asphalt ; this is recognizable as it has been found that with the quan- 
tities applied this occurs when the whole of the chippings appear black. 
While this is being dono, the effect of rolling is so slight as not to compact 
tho material until it lias been properly coated. When this occurred, light 
rolling was started ; this was just sufficient to compact tho material slightly. 

When this rolling was completo, the crushed screenings from the chip- 
pings together with one-quarter inch bujri (approximately at the rate of half 
the quantity of chippings already put on) was sprinkled over the road 
surface with a view to filling any remaining voids When this had been 
done, further drag brooming and hard compact rolling wero carried out 
simultaneously. 

This was the fust day’s work On the next day the suiface was blinded 
with coarse sand which was rolled in tight and the road was immediately 
opened to traffic 

Rolling in each case was done with a ten ton roller 

The work was continued throughout the whofe length of the road which 
was 4,700 feet. 

A small point which might be of interest is the following . — 

In one portion of the road, as it existed, the camber was excessive and 
to get rid of this tho three-fourths inch gauge chippings were increased from 
four to six cubic feet per hundred square feet with the corresponding amount 
of cut-back Asphalt and tho extra thickness was laid on the outside edges 
■of the road Ding brooming and rolling was applied as before and the 
surface was flattened successfully to counteract this camber. 

In conclusion it has been found that in Peshawar District this type of 
work is aery much cheaper than remetalling and surfacing or than using a 
three-fourths inch premix carpet. 



Costs. 


1. Tho cost of ono-quartcr inch lujri per hundred cubic 

fcot is ... ... ... ... Rs. 10/* 

2. Tho cost ot throo-fourths inch chippings per hundred cubic 

fcot is ... ... ... ... Rs. 15^- 

3. Tho cost ot coarso sand por hundred cubic fcot is ... Rs. 8/- 

For a 1G foot wide road tho comparative costs arc : — 

1. Mix-in-placo ... ... Rs. G'- por hundred square feet. 

2. Remotalling and surfacing (Two and 

a quarter inch consolidated) ... Rs. 7 /- per hundred squaro foot. 

3. Threo-fourth inch premix ... Rs. 7/8/- to Rs. 8/- per hundred 

squaro feet. 

Tho work has been extremely successful but tho author would like to 
stato hero that thorn aro cortain points which need careful attention. 
They aro 

1. The drag broom must bo efficient 

2. Tho material must be thoroughly woll mixed 'up boforo final rolling. 

3. No dry patches must bo loft on tho road. 

4. If thero is any tendency for bareness to occur in placos whilst drag- 

brooming, tho work must bo stopped and such placos must bo 
pnintod with cut-back Asphalt and additional chippings and btijri 
put on boforo tho work is allowed to continuo. 

PnoTooRAPns. 

Photograph No. 1 shows tho road surface as it began to disintegrate 
Thero is only one pot hole shown ; it is in the centre of this photograph. 
This was about six inobos deeps at tho time. No other photographs aro 
available to show the state of tho road when work was commenced. 

Photographs Nos. 2, 3 and 4 show tho finished mosaic surface which is 
standing up to traffio very well. These photographs were taken seven 
months after the work was completed and considering tho traffio going over 
this surfaco it has stood up very’ well indeed to wear. 






No 1 MIX-IN-PLACE 

Saddar Road, Peshawar. Disintegrating Surface before mix-in-nlnce 







DISCUSSIONS ON PAPER No. P. 


Mr. W. Lawley (N. W. F Province) Captain R C. Graham is very 
sorry he is unable to be present to day; ho has however left the P. W. D. 
and is now at the War Office, London Ho has asked mo to introduce his 
paper. Unfortunately, I did not see any of the work which forms tho 
subject matter of his paper, during execution I have however, on my way 
~ ■ . i ,i o u-. t>. txi I was told that 

the road surface 
surface-pamt this 

with 15 pounds of cutback asphalt per 100 square feet, blinded with lujn 
J inch to i inch The cost of this surfaco painting was Re 1/- per hundred 
square feet. The surface of the road now is very good. 

In July 1938, this roix-in-place method of treating a brittle and de- 
vitalized surface was adopted for mile 273 of the Grand Trunk Road, just out- 
side Peshawar City. The trafbc there is very henvv. Tho specification was 
altered slightly, 30 pounds of cutback was used per 100 square feet ; 25 pounds 
painted on the surface, then 0£ cubic feet of $ inch clippings per 100 squaro 
feet spread, and the drag-broom used as before. Tho remaining 5 pounds of 
cutback was sprinkled on the surface afterwards in places where the stone 
had not been thoroughly coated Two cubic feet of bvjri and sand was used as 
blindage The result at present does not appear too promising. It seems 
that in places a distinct layer has been formed between the i inch chips, 
and tho blindage subsequently applied This upper layer is, in isolated 
places, peeling off, leaving the i inch layer underneath sound and 
compact. This could probably have been avoided by blinding with sand 
instead of bajn. This road is now slightly bumpy and will be treated with 
another surface coat of l£ gallons of cutback per 100 square feet in the 
early summer, to correct this 

The reason for the uneven surfaco after treatment in both cases, is 
probably due. to doing patch repairs to the original road surfaco too soon 
before re-surfacing Captain Graham has given a figure of Rs 7/- per 100 
square feet for metalling and surfacing in his table of comparative costs 
This figure may be misleading, as wo do surfacing on a newly metalled mile 
in two parts i e surfacing soon after metalling and then another surface coat 
within C months He is referring to the cost of the initial surface coat with 
metalling Tho complete cost would bo Rs 10/- per 100 square feet. 

With these introductory remarks I have great pleasure in presenting 
Captain Giaham’s paper. 

Mr S Bashiram (Pnnj'ab) ; — I have just a small quarrel with tho author 

and that is about tho titlo of his paper. The term ‘ Revitalization” would 
in this case appear to he an entire misnomer With the title as it stands 
ono would naturally conclude that the object of tho method adopted was to' 
get a fresh surface from the old to which it was allied by some method of 
rejuvenation — a sort of monket -gland treatment which infused a fresh lease 
of life to the surface as it originally existed Actually we find that all that 
.was done was to re-lay a brand new surface on the original, which certainly 
cannot be called a “Revitalization” process. J 



Mr. S. A, Amir (Bihar) : — My aim in taking part in discussions on this 
paper is not to offer any criticism but to havo a few points cleared up and to 
acquaint you of a few things which were experienced in carrying out similar 
work as an e\peiiinent on certain roads in the Hazaribagh Division. 

In method No. 2 suggested by the author of tho paper for dealing with 
disintegrated tarred or bitunicned surfaces, ho mentions “Scraping oft the 
top surface, levelling up tho existing metal by adding very small quantities of 
half-inch gauge metal and surfacing*’. IIow should tins be achieved if anything 
more than simpte repainting after removal of the perished surfaco is meant? 

In connection with method No 4 for filling in pot-holes in advance, it 
is suggested by tho author to clean the pot-holes and depressions and paint 
them all round with cutback asphalt and then to fill them up with pre-mixed 
shippings (4 pounds of cutback asphalt to a cubic foot of graded clippings). 
The pot-hole's’ surface being naturally rough and in n cavity there is a risk of 
its retaining more of cutback asphalt than in painting a level and a smooth 
surfaco and this combined with the asphalt in the pre-mixed chippmgs at 
the rate of 4 pounds to a cubic foot is. as experience shows, liable to gne 
spots too lich 111 asphalt which will de\ elop in course of time into had 
bumpy spots in a surface which may otherwise have excellent riding quali- 
ties In photograph No. 4, tho black spots may he indications of such 
bumpy spots de\ eloping in the road surface. I would suggest that the tack 
coat might be given with two parts of cutback asphalt, like socofix, with 
one pait of lceiosiiie and in the preparation of pre-mixed chippmgs as little 
of cutback asphalt should ho used as possible. 

It is said that after such initial patching up the load surface became 
sufficiently level. This being so, and considering that only 25 pounds of 
cutback asphalt and 4 cubic feet of * inch chippmgs were used, one won- 
deis if at all drag-brooming was necessary and why simple painting and 
laying chips would not have been suflicient Evidently adding of the 2 
cubic feet of bajri per 100 square feet subsequently was for filling the inter- 
stices between the bigger chips and not for correcting the level of the road. 
Only in the portion of the road where camber is said to have been exces- 
sive, requiting corrections, and for which 50 percent more chips and cut- 
back asphalt were used, the drag-bioom seems to have heen indispensable. 

In my opinion unless one has to deal with surfaces which aie not 
true and have bumps and depressions or faulty camber, giving bad riding 
qualities, mix-in-place surfacing would un-necessanly require more expense 
than straight-forward painting work 

As stated before, some experimental mix-m-place vvoik with diag 
brooms was tried in Hazaribagh Division in May last year on a 1936 bitu- 
men surface and a 1939 consolidated water-bound suiface which was rough 
but not corrugated and bad excessive camber Mam feature of the work 
was the same as described in the paper but following additional details may 
be interesting and useful to those who may have to do any such work in 
future : — 

<0 _ The 1936 bitumen surface (9 feet wide) had depressions and bad 
bumps giving bad riding qualities. Cutback asphalt was applied at the 
rate of 20 pounds per hundred square feet, and 5.7 cubic feet chips were laid 
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(3 4 cubic feet o( 5 inch chips on 2^ feet strips on the sides and 2.3 cubic feet 
of 4 inch chips in the centre) in 100 square feet area of the road. Over this 
there was a further application of cutback asphalt at 8 pounds per hun- 
dred square feet, with the help of pouring tins, with lower half of one 6ide 
perforated and drag broom was worked over it to mix-in-place and level 
up the surface Application of binder in two instalments means more time 
and cost and I am not sure if it gave sufficient advantage to be preferable 
to the single instalment application as aoue by the author of the paper. 

(u) In woiking the drag-broom it was found advantageous to make 
2 or 3 persons sit o\er it in the initial stages to add to its weight for being 
more effective in making chips to roll and get coated with the binder in 

place- 

fin) At original depressions, at sides and where suflicent chips had 
not been initially put in, the drag-broom was not touching and hence more 
chips had to he laid and additional cutback asphalt was poured over it 
with the perforated tins 

(n>) During rolling without drag-broom attached, hare spots appeared 
and had to be filled up with i inch pre-mixed chips (3 pounds to ono cubic 
foot), but woik did not have to be stopped for this us is suggested b) the 
author to bo necessary. 

(«) Finishing was done by laying and rolling 3 inch to £ inch chips 
at the rate of 1 cubic foot followed by sand at the rate of 1 cubic foot per 
100 square feet and the road was opened to traffic after 48 hours 

(vi) In all, 31 pounds of cutback asphalt, 7 9 cubic feet of chips, 
* inch to } inch gauge, and 1 cubic foot of sand were u-ed per hundred 
square feet. Cost worked out to Rs 4/8,- per hundred square feet against 
Rs 3/4/- if simple painting with cutback and chips would have been 
possible and if levels and excessive camber were not to be corrected 

(wi) In mentioning the above figures, I wish to stress that where 
levels have to be corrected, consumption of more materials than in simple 
paint work, is indispensable and without tho help of drag- broom these 
could not be properly laid on the road 

In tho case of t lie old water-bound surface, work was done exactly in 
tho same manner except that 30 pounds of cutback asphalt was laid on 
the road surface followed by 15 pounds over the chips per hundred square 
feet This increased quantity of hinder was obviously for allowing for 
penetration within tho water- bound surface m the absence of any initial 
primer coat 

Incident!)' it may be mentioned here that with a view to reduce cost 
on a portion of tho water-bound surface. Road Tar No 2 at 32 pounds per 
hundred square feet was laid in place of the first instalment of cutback 
asphalt nnd o\er it chips were laid and above the«e cutback asphalt 
(15 pounds per hundred square feet) was applied. It was remarkable, 
while drag-brooming, bow long the mixture of Road Tar No. 2 and 
■cutback asphalt remained soft and it took so mneb longer to sufficiently 
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stiffen for being roiled compact that its success looted doubtful at the time. 
But after all, this turned out as good ns the other stretch done with cut- 
back asphalt nlona and tho cost of tho former worked out to Rs. 5/* 
per hundred squaro feet against Rs. 5/13/- in caso of tho latter. Probably 
oven smaller proportion of cutback asphalt would sufTico to enable 
mix-in-placo with Road Tar being carried out and this should giro a still 
lower cost. This is proposed to he further experimented upon, hut it is 
still to ho seen which of tho two strotches wears better, i.c , the one 
dono with cutback asphalt alono or tho ono done with a mixturo with 
Road Tar No. 2. 

In conclusion, I think thero aro groat possibilities of improving 
sealed surfaces with bad riding qualities or surfacing roughish water- 
hound surfaces without reconsolidation with tho help of such mix-in-placo 
treatments with economy. 

Mr. K. G. Mitchell (Chairman): — Does anyone else wish to speak on 
this Papor? 

I do not know whether Mr. Lawloy would like to reply to the 
comments. 

Mr. Lawley: — Replying to Mr. Bashiram’s criticism of tho titlo of tho 
paper, I would refer him to para (2) in which tho author has explained 
that tho problem facing him has been how to deal with disintegrating Tar 
and bitumon miles, carelessly laid in tho past. Tho operation described^ in 
tho paper is intended to put now lifo into tlioso old surfaces without which 
it would not ho practicable to put a now wearing surface on top of thorn. 
Without this revitalization process tho alternatives would ho as described 
in paragraph 3, itoms (l), (2) and (3) 

I should liko to thank Mr. S. A. Amir for giving us an account of 
his experiments in using cutback asphalt for surfacing by mix-in-placo 
methods lie appears to havo used this method as an alternative to 
pre-mix woik; wliilo tho author’s object in using mix-in-placo methods 
was not as an alternative to pro-mix. but in 'order to liven up or revitalize 
tho old snrfaco of tho road, which at tho same time was not truo, and 
had excessivo cambor. 

Tho author’s intention in method (2) was to rotnovo the perished 
surface and then do simple repainting. 

I agree with Ml*. Amir’s remarks regarding pot-holes. In actual 
practice these did tend to become too rich in asphalt. I consider that pot* 
holes should be separately treated about G weeks before the main surfacing 
woil: is commenced I would prefer treating tho pot-boles with a pre-mtx, 
as tho need for revitalization in such spots does not hold. 

Regarding the criticism as to why diag-brooming was used instead 
of simple painting, when the road surface was, in the words of the author, 

*' sufficiently level for the whole of it to bo painted with cutback asphalt". 
The author, I think, means that the surface was reasonably level, but 
not truo to camber, nor had minor depressions been removed. By 
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drag-brooming the whole surfaco was raado accurately level and true lo 
camber; whereas simple painting would have reproduced on the finished 
surface the minor irregularities underneath not corrected by the patching. 
I agree that this mix-in-place surfacing should not be used in place of 
simple painting, except when the surfaco is not truo and gives had riding 
qualities. 

Mr. K. G. Mitchell (Chairman) s— I am sure you will all join mo in 

offering our very hearty Lt -- 1 -* 4 * *' 41 - ” 

cular to Gol. Sopwith am 
of standard specification 

such as the U. S A and Australia But, as far as I am aware, in both 
those countries the specifications are drawn up by the State authorities, and 
although they may follow general standards of practice, they are peculiar to 
the localities At this Congress, we have bad threo Papers which were 
written as contributions to the eventual standard Code of Practice for tho 
whole of India, leading from the layout of roads, earth-work, and consolida- 
tion of macadam to practice in regard to bituminous surfacing and crusts. 
My personal feeling is that we are still progressing in bituminous practice 
upon which it is, therefore, difficult to dogmatise, but that tho principles of 
layout, earth-work and ordinary metalling are sufficiently well-established 
to be standardised without question. As far as I am aware, there is no 
text-book dealing with the more elementary or basic principles of road 
construction, other than the bituminous surfacing, to which people can refer 
and I think that, even if we find it impossible to codify bituminous practice, 
the Code of Practice foi the rest will be invaluable. Without wishing to bo 
in the least critical, I can say from my own experience in wandering about 
different parts of India that I often find things going wrong in ordinary road 
layout and construction, particularly such as tho providing of unnecessarily 
high banks and defects in the laying of soling which render the standard 
Code of Practice necessary. 

As regards bituminous work, my personal suggestion is that, while wo 
should not ignore progress which is being made in the improvement of mat- 
erials, the time has come to concentrate, if possible, on one or two definite 
types of construction and to reduco the number of specification in use. In 
that connection I am reminded of iEsop’s Fable about the Cat and the Fox 
and suggest that one or two well-tried specifications may be preferable to too 
great a variety. 


Even for a standard Code of Practice for all the work up to and includ- 
ing water-bound macadam, I do not know if it is possible that a small com- 
mittee, with experience necessarily limited to practice m one part of India 
or another, can attempt to prescribe. That is even more so when we come 
to bituminous practice where there are differences in results in different 
parts of India which we cannot readily explain. I think, therefore, that our 

^ , ° ' “ ' ' of different 

1" , ' ' . we consider 


In conclusion I repeat that we owe a very great debt of gratitude to tho 
authors of these Papers. 
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stiffen for being rolled compact that its success looked doubtful at the time. 
But after all, this turned out as good ns the other stretch done with cut- 
back asphalt alone and the cost of the former worked out to Rs. S/- 
per hundred square feet against Rs. 5/13/- in caso of the latter. Probably 
even smaller proportion of cutback asphalt would suffice to enablo 
mix-in-place with Road Tar being carried out and this should give a still 
lower cost. This is proposed to bo further experimented upon, but it is 
still to bo seen which of the two stretches wears better, i.e , the one 
done with cutback asphalt alone or the one done with a mixturo with 
Road Tar No. 2. 

In conclusion, I think tbero are great possibilities of improving 
sealed surfaces with bad riding qualities or surfacing roughish water- 
bound surfaces without reconsolidation with the help of such mix-in-place 
treatments with economy. 

Mr. K G Mitchell ( Chairman ) ; — Does anyone else wish to speak on 
this Paper’ 

I do not know whether Mr. Lawley would like to reply to the 
comments. 

Mr Lawley: — Replying to Mr. Bashiram’s criticism of the title of the 
paper, I would iefer him to para (2) in which the author has explained 
that the problem facing him has been how to deal with disintegrating Tar 
and bitumen miles, carelessly laid in the past The operation described in 
the paper is intended to put new life into these old surfaces without which 
it would not bo practicable to put a now wearing surface on top of them. 
Without this revitalization process tho alternatives would be as described 
in paragraph 3, items (l), (2) and (3) 

I should like to thank Mr. S. A. Amir for giving us an account of 
his experiments in using cutback asphalt for surfacing by mix-in-place 
methods He appears to have used this method as an alternative to 
pre-mix woik; while the author's object in using mix-in-place methods 
was not as an alternative to pre-mix, but in order to liven up or revitalize 
the old surface of the road, which at the same time was not true, and 
had excessive camber. 

The author’s intention in method (2) was to lemovo the perished 
surface and then do simple repainting. 

I agree with Mr. Amir's remarks regarding pot-holes 1° actual 
practice these did tend to become too rich in asphalt I consider that pot- 
holes should be separately treated about 6 weeks before the mam surfacing 
work is commenced I would prefer treating the pot-boles with a pre-mix, 
as the need for revitalization in such spots does not hold. 

Regarding the ciiticism as to why drag-brooming was used instead 
of simple painting, when the road surface was, in the woids of the author, 
sufficiently level for the whole of it to be painted with cutback asphalt*’. 
Tho author, I think, means that the surface was reasonably level, but- 
not true to camber, nor had minor depressions been removed. By 
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Mr. R. A. Fitzherbert (Chairman) -Tho last paper for discussion is 
Paper R— "A serious failuro in the painting of n Btool highway bridge". I 
would call upon Mr. Murrell to introduce this paper. 

Tho following paper was then taken as read 




PAPER No. R. 


A SERIOUS FAILURE IN THE PAINTING OF A STEEL 
HIGHWAY BRIDGE. 

By 

W. L MmrnnLL, B C.E. {Mclb.), A.M. Inst. C.E., 
Superintending Engineer, Chota Nagpur Circle, Bibar, 


It is not so pleasant to proclaim one's failures as it is to broadcast one’s 
successes, and my object now in parading the skeleton that has come to my 
cupboard is to render help to brother engineers by indicating a very real 
pitfall. 

Also, if the dissemination of information through the Indian Roads 
Congress can prevent some wastage of the tens of lakhs of rupees of public 
money that are spent annually on the paintmg of steel bridges in India, then 
those on whom the continuance and development of the Congress depend, 
may form an e\en higher estimato of its utility 

For obvious reasons, I cannot mention tho name of the bridge or the 
brands of paint concerned 

The bridge, which is a large one of tho deck type, had not been painted 
Bince 1925-2G and it was found, late in 193G, that corrosion had commenced, 
and that cleaning up and painting were necessary. 

I approved the following specification : — 

(1) Tho entire steelwork of the bridge shall be thoroughly scraped, 

cleaned, and painted 2 coats black bitumastic on one coat of red 
lead paint. 

(2) The second coat of black bitumastic paint to be applied two months 

after tho first coat. 

(3) Proper p.unt brushes to be used and each coat of paint to bo 
approted in writing by the Executive Engineer before tho next 
coat is started 

(4) Painting to be done in the dry weather only 

(5) Paint to be used shall conform with the Indian Railway Board 

Standard Specification 

The priming coat of non-setting red lead up to Indian Railway Board 
Standard Specification, was commenced early in February 1937, and finished 
by tho middle of tho following month 

The second and the finishing coats were commenced in the middle of 
February 1937 and finished earl) m the following June. 

This period represents the end of tho cold weather and tho whole of tho 
hot weather There were about 4 5 inches of rain in each of the months 
February and May but tbero was no ram at all in March and April. 

Tho contractors for the work were a very experienced and reliable firm 
of structural steel engineers, and tho supervision b) the Public Works 
Department was even more eflicient than usual 



Thorn seemed m» nnnnn, therefore, why tlio wo* Ic rostlnp Us. IG/ifiO'*- 
»lmulii not prove u oomptnlo Huroeiis. Instead, there was a li.nl failure. 

in WonmW 10117, only six months niter the third or finishing coat had 
been completed, it Wiih noticed tlint the icd of the priminp coat wns clearly 
liaihlo In piutti, nml that Romo of tlm lomaininp nurfarn had lost its joUhlaok 
appeal alien nml wan tuinin;: brown. 

Those phenomena are now scon in many places on thn Inidpn iriespcc- 
fivn of whether tlm painted mnfucn was protected from rain, mm or wind. 

Gloao inspoollnn alum a that tin* priminp coat of mil load is in excellent 
condition ami completely homopcnoous In no c \so has it been penetrated 
hv (ho bituminous upjmr coatings. Alan, in no nso has llio ml load in\ tided 
these upper cnatinps, Testinp wan tlonu hy soiapinp with a pen knife. 

Thn imt point for ronsid motion is that another larpn hrjdpowns painted 
h) the same thin of enptnooiinp controotora in 111-7. This is a through 
t>po hiidpo, and tlm very hiph trusses were loss easy to paint. 

Tim ptintini! hero also was one coat of red lead pritnmp with two coats 
of bituminous paint an ooxminp to tlm priminp. 

Appaiently, tlm specification was Urn same ns for the former hridpo, and 
tlm wnik was done at ntuoli the winm limn of the 5 ear. 

On this latter hridpo, however, tlm paiutinp done in 1P27 was a complete 
success and it ban been decided to mpnint it only in the present season, 


Helow* is pi veil n copy of the icsultn of analysis of tlm icspcptivo 
covering bituminous paints : — 


Test. 

Paint used on the 
through htidge where 
paint inp Was pood. 

Paint u*«ed on the 
deck, hrulpo where 
ptintinp failed. 

Volatile portion 

U'isttUate up to 150*0) 

UtV'd per cent. 

117*5 per cent. 

I'oition soluble in petroleum 
ether after driving away 
the volatile pm lion 

'27 5 „ 

atvr» 

I'm lion insoluble in i»«'tio* 
leum ether hut soluble in 
henwm) ... • 

SRYft „ 

lira „ 

Insoluhle Cut hon necou* 

P’O „ 

traces 

AM 

005 „ 

traces 

Vegetable oil ... 

nh sent 

absent 

Smell 

Coal tar smell 

Kerosene smell. 


Coal t ar base 

IVtrolenm base. 





Censurable trouble was taken to obtain the uews of extort*, on this 
failure. 

The contractors for the painting helped by bavin" anal) sex made in their 
research department in Calcutta, a reference was made to the Ah pur Test 
House and, with the permission of the Chief Engineer of the 1'uhhc Worts 
Department, Bihar, the matter was referred to the Corrosion Commit too ot 
the Iron A Steel Institute, England, and to tho Association of Paint, Colour 
&. Varnish Manufacturers in India. 

The reason why some bituminous paints fail whiM others stand fast 
may apparently be summed up as follows : — 

Straight bitumens, dissolved in petroleum spirit without additional 
binding material, when applied to surfaces exposed to much he.\t and light, 
readily powder on the surface. 

This powder is soon removed by rain or wind, espemlll wind heating 
fine sand from the river, thus exposing fresh surfaces to tho same I'lWots. 

This process continues until tho wholo of the lilnulisappoais, leasing tho 
undercoat. 

The same thing would not occur with a bituminous print pivpsivd tia'iw 
bitumen and a coaltar baso as thero is m such print n liti go pw'pmtion of 
non-volatile material which acts as a plasticiser and Keeps the tlnlrii m a 
tougher and more elastic form. 

That is the main point dosiiod to l*o expressed in this pspei 

Tho trouble is that thoro are a mmriver of thins ot high tvpnh' In lndi -1 
today who are mahmg bituminous paint h without tlio ivquisUn thUi-Nidirilhi 
plasticiser, and the specificatioii is accepted by men the highest nutlnn tries 
except, I believe, the Indian Railway llond. 

It is understood that tho mamifneturo throughout ludtil ot this 
bituminous paint, unsuitable thus for bridge painting, is piohirid) ceieiill 
hundred tons weekly. 

It would appear that such paint is unsuitable for coveting to at cel wink 
in India, except under water 

There is another rather important difference in tho two Kinds of hltumt 
nous paint. 

With the former paint, that with the petroleum base, ll in a htthi 
difficult to get a good surface in awkward places where tho paint cannot l*o 
applied quickly. The reason for tins seems to tie tlmt tlie sellout In tho 
second coat tends to dissolie the bitumen deposited in the first civil. 

With the tar baso paint, tho non-volatile plasticiser again apiviii to 
como to the rescue. It, or something else in tlie dejiostted first coil appeals 
to change on drying in the air, so that, when the second coat of bituminous 
paint is applied, the solvent in it cannot affect the bitumen in ibe ti«M «oit 

Hero there appears to bo some similarity with tho cs*-o of aw ci\wwm\ 
oil punt. The % chicle in the second Coat of ordinari oil punt cannot 
disturb the pigment in tlie first coat because the pigment is bold in place hi 
the dried linseed oil in tlie first coat. 


The dried linseed oil thus appears to act in tlie same way as the non- 
volatile plasticiser of the tar base bitumen paint, » e. ns a reliable binder. 

The final point then arises : — "What is a suitable covering paint for the 
now world-wide accepted red lead priming ? 

Here I quote Dr. J.G. Hudson, Official Investigator to the Corrosion 
Committee. 

‘The work of the Corrosion Committee has shown that for general 
purposes few, if any, paint combination give better results than red lead 
paint followed by red oxide paint and, although bituminous paints might 
also prove perfectly satisfactory, there is always a certain amount of risk 
unless their composition is carefully checked." 

Personally, I have continued, except in the painting o ! steel trough 
plates, to specify bituminous second and third coats over led lead primer, 
insisting on proper analysis to prove the existence of the non-volatile 
plasticiser, the man on the spot insisting on the coaltar smell. 

The red oxide paint has the advantage that, by mixing a little red lead 
with the red oxide in the second coat, one c.in get a colour different from that 
of the third coat so that, with doubtful contractors or supervision, one can 
easily know that the third coat has actually been done over the whole 
surface meant to be painted three coats. 

This trick of the trade is not so easily practised when the second and 
third coats are bituminous paint which, of course, is invariably black; though 
certain unscrupulous firms do sell cheap coloured paints as bitumistic or 
bituminous paints. 

The only objection I personally have against red oxide as a finishing coat 
is that it, being red, tends to camouflage corrosion of the steel rather than 
show it up, ns a black finish does 

As regards the painting of steel trough plates for bridges that are to 
carry water-bound macadam, it seems that there is no paint to equal red lead. 
As a rale, small stalactites of minerals form on tlie lower side of the trough 
plates and on the cross beams after some years. The stalactites appear to 
be made up of chemicals leeched out of the concrete filling over the trough 
plates. 

If the vicinity of the stalactites be examined it will be found that 
corrosion has started wherever a bituminous paint has been used, even one 
with a tar base. But where red lead has been used there is no, or very little, 
corrosion. 

The real purpose of this paper, however, is to invite the attention of 
members of the Indian Hoads Congress to the absolute necessity for having 
the non-volatile plasticiser in any bitnminous paint. 
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Mr. W. L Marrcll (Bihar) By way of introducing my -paper I would 
like to say that, sinca submitting it, something more hns occurred which, 
might well be mentioned now. ♦ i n 

Naturally, it has had to be decided how tho defect will bo remedied 

Obviously, the unreliable paint had to be removed, and it has been found 
that the best way of doing this is by rubbing it off with kerosene and rags, 
at a cost of from Rs 1/4/- to Rs 1/8/- per hundred square feet. 

Paint experts stated that, after the cleaning, there would be still enough 
of the bituminous paint to bleed through any linseed oil paint, and make it 
took unsightly in future. -*» . _ : t r 

These experts recommended that aluminium paint should be usedovar 
the cleaned original red lead, as it is the only paint through which the residual 
bitumen will not bleed ■ /ti 

U 

Owing to the high cost of two coats of aluminium paint, it has been 
decided not only to take off the remains of the unreliable bituminous paint, 
but also to scrape off a good deal of the priming coat of red lead. 

When the surface is free of hitumen the whole will be repainted with one 
coat of red lead and two coats of red oxide paint of slightly varying shades. 

The second matter I would like to refer to, is the recent publication, by 
the Indian and Steel Institute of the First Report of the Protective Coatings 
Sub-Committee. 

I have suggested to the Secretary of this Congress that a copy of the 
Report be included in the Congress Library. There certainlj should ho a 
copy in the libraries of all Engineering Schools and Colleges m India Every 
Engineer with a painting prohlem should read this Report 

Tho Report does not discriminate botween bituminous paints with a tar 
base and those with a petroleum base , hut it shows generally that bituminous 
paints are not nearly so trustworthy as the lead and oxide paints 

When we were inspecting tho Alipur Test Houso I was fortunate in being 
shown the paint-testing yards where hundreds of sheets of mild steel with 
various paints are undergoing tests in the open. The 1934 and 1935 hitumen 
paint was all sooty and, except whero there was red lead priming, the steel 
was definitely coiroding. 

On the other hand the 1932 red lead painting was in excellent order, 
though it had turned to a dull plum-grey colour 

Finally . I might mention that the engineering firm who did the painting 
that failed, have the contract for erecting another large steel bridge On thi«*T 
I had specified a field coat of red lead on a shop coat of same, followed 
by two coats of hitumastic paint with a coal tar base. 

This firm have had enough of bituminous paint, and they have asked to 
be allowed to do two finishing coats of red oxide at less cost. 



Thus, so far as the painting of highway bridges is concerned, I am now 
thoroughly convinced that there is nothing to compete with the best Indian 
made red lead and red oxide paints. Indeed I hare been informed on high 
authority that the best Indian linseed oil is the best linseed oil in the world. 

My conversion to this way of thinking has been vastly accelerated bv 
finding two more large steel bridges in the Circle where bituminous paints 
are giving definitely bad service 


Indeed, it is getting this way with me now — I am positively frightened 
to examine any more black bridge*, fearing more failures ! (Laughter). 


Mr Brijmohon Lai (Punjab) : — The author has done well in warning 
the engineers against haphazardly using the so many bituminous paints 
widely advertised in the market without ascertaining their composition. 
He has not, however, stated exactly what non-volatile materials are require^ 
in the bitumastic paints which serve as binding materials. The Irrigation 
Department m the Punjab have made experiments with different Bitumastic 
Paints for painting steel work of canal under-sluices which remain mostly 
under water. They have found a locally prepared mixture named the 
"Khar.kf mixture to stand best in comparison with the many commercial 
products like Wailes Dove Bitumastic Solution, Gonresmastie black solution, 
Barico Grey, Anodite and Stablex paints etc. The Khanki mixtnre which 
has now been largely used on the steelworks of the recent canal heaaworks 
of Paajnad, Khanki and Saveli consists of coal tar, mineral pitch, slaked 
white lime or preferably cement and kerosene oil in the following 
proportions: — 


Coal tar 
Mineral pitch 
Cement 
Kerosene oil 


... 84 lbs. 

... 10 lbs. 

... 9 lbs. 

9 lbs. 


The mixture is prepared by heating the pitch and coal-tar separately, 
then mixing them over a fire and stirring well, aud adding cement gradually 
while stirring them, withdrawing from fire, adding kerosene oil and stirring 
well The mixture should be heated to 350 degrees Fahrenheit to 450 
degrees Fahrenheit ; overheating burns the mixture. The covering capacity 
of the Khanki mixture is 2500 square feet to a hundred-weight and the cost 
of two coats of paint including ho: application and all cosi3, but excluamg 
the cost of preparing the surface, works out to Bs. 1/S'- per hunared 
square feet. 

"Will the author kindly state from his experience whether this mixtnre 
contains enough quantity of binding non-volatile materials to make it suitable 
for painting steel work in bridges? It has already proved its worth in 
preserving steelwork coder water. 


S. 1L Ghose (Bihar) : — .Papers like the one we are discussing, which 
seek to analyse the causes of failures in the works of engineers, are very 
much more helpful than the usual descriptions of apparently successful 
engineering structures. It was the critical analyses of the successive failures 
of the famous Qaebsc bridge that ultimately resulted in the solution of the 
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problems of such big ' ” ’ “ ' ' 

the design and con9tri 
& similar structure in . 

I may be permitted to point out that tho average engineer cannot be a 
good judge of paints by superficial examination only, and it is hero that the 
responsible opinion of such institutions as tho Alipur Test Houso should be 
sought, particularly when tho expenditure involved is considerable. No 
paints, not duly certified after thorough examination by a Test House, 
should be accepted for use in engineering structures. It does not take long 
to test the weatheiing qualities of a paint in tho Weatherometer as was 
seen by the mombers during their visit to the Alipur Test House 

In this connection, a notable failure of the painting done on the Lower 
Zambezi Bridge, the second longest bridge in the world (12,064 feet) in 1935 
is brought to the notice of the members on account of certain features which 
also obtain in a tropical country like India The bridge was painted with 
three coats of "Natural Ferrador” paint, but this failed completely in 9 months’ 
time. The cause of this failure was investigated by Dr L. A. Jordan, 
Director of the Paint Research Station in England, and was found to be 
due to air-borne fungus spores and bacteria ‘of a particularly virulent 
type. The necessity for the incorporation of a fungicide in the composition 
of bridge paints is clearly indicated 

The particulars of this failure can be read by interested members from 
the Journal of the Institution of Civil Engineers, No 3 of 1936-37 m 
"Handman on the Lower Zambezi Bridge” which has been placed on the 
table. 

Mr. Ian. A. T. Shannon (Calcutta) : — It is not my intention to advocate 
the use'of bitumen for painting steel road bridges but there are one or two 
points in Mr. Murrell's paper on which I would like to comment. 

Tho figures given in tho second column on page 2 give us a certain 
amount of data regarding the composition of the petroleum base bituminous 
•paint which failed, but I view with some suspicion the figure of 37 5 per cent 
-volatile portion ■wVdtV, te baaed on distilling np to loft degrees Centigrade. 
I believe that most bituminous paints are made with solvents having a 
boiling point range somewhat higher than this, and therefore the figure of 
37.5 will only represent a portion of the volatiles. 

The next two figures, f.e. the percentages of solubles and insolubles in 
"petroleum ether” could give us the approximate bitumen content of tho 
paint if nil the solubles had been driven off. If this were the case the bitumen 
content would appear to be 57 7 per cent I am, however, inclined to 
think that all the volatiles had not been driven off at 150 degrees Centigrade 
and therefore the bitumen content of the paint was probably well below 
this figure, say possibly 40 per cent only as against a normal bitumen 
content of say 75 per cent 

Assuming that this reasoning is correct it would appear that a possible 
explanation for the failure of this paint was that insufficient bitumen wbb 
deposited, due to the paint being applied insufficiently thickly or in an 
insufficient number of coats having regard to its low bitumen content. 
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Mr. E Hayward (Calcutta): — I am afraid you may think my views 'on 
the subject of painting bridges aro rather biased becaut>o my firm happens to 
manufacture Red Lead. In fact you may think I am like the Brewer who 
says Beer is best for everybody. However, leaving the bias asido I would like 
to tell you what my views are on painting bridges. For many yeais now, 
considerably more than half a century in fact, most of the biggest Engineering 
jobs in the world have been painted with Red Lead. Although there are 
cheaper paints there are also moro expensive paints and if it comes to the 
question of economising on painting bridges it is wise to consider how an 
economy in paint will compare with the capital cost of the structure 

Take for example a bridge like the Willingdon Bridge on the Hooghly. 
This cost approximately Rs. crores and to paint it properly with Red Lead 
will require approximately 80 tons of Red Lead. Assuming for the -sake of 
economy it is suggested that wo give 1 coat of Red Lead with 2 coats of 
Bituminous paint. I calculate that there may be a saving nf say Rs. 10,000/- 
or approximately 25 per cent of the bill for paint, there will however be no 
saving in the application of the pamt or tbo cleaning of the steel. Tho saving 
of Rs 10,000/- on a structure valued at Rs 150 lakhs represents an economy 
of 1/lotli of 1 per cent on the capital value of the bridge spread over several 
years. 

In making this economy you are moreover tunning a great risk because 
if the paint fails, even in part, you will have very heavy structural repairs 
to meet. 

I have studied tho subject of Red Lead very carefully and rny conclusion 
is that for outdoor structures it is better to give 2 or 3 coats of Red Lead 
and to be done with it for 14 or 15 years, such is my conclusion arrived at 
after extensive tests with Red Lead paint for protecting steel in this climate 
for the last twenty years. 

Mr. K. E L. Pennell (Assam): — I quite agree with the previous speaker. 
TVe have a large suspension bridge of which we are very proud. 

We painted it with ANODITE antirust and IROLITE Battleship 
grey paints which have a bitumastic base, thinking, that as these were ,the 
paints chosen for the new Cunnarder "Queen Mary ” they should be .gocjd 
enough for our bridge. 

This paint quickly started to deteriorate, a kind of chalky deposit 
forming which could be blushed off with one’s hand. 

Within two years the priming coat was exposed in many patches 
and the whole structure had to be repainted. 

As regards new steelwork Assam is now following the British Standard 
Specifications t.e. ‘‘AH steelwork is given one coat of boiled linseed oil at 
the works before despatch. 

Where two surfaces will be in permanent contact after assembling, 
each of them is given, immediately before being assembled nnd after being 
thoroughly scraped, cleaned and di led, one coat of freshly mixed best red 
lead paint and the surfaces are brought together while the paint is 
still wet". * 



No painting is dono until the structure has been through one rains 
after erection when, in tho following cold weather, it is given a priming 
coat of non-setting red lead and a finishing coat of aluminium paint. 

It is very necessary to specify a " non-setting ” led lead paint for use 
in the field, as ordinary red lead paint deteriorates in tho tin very rapidly 
once it is opened 

The best finishing coat paint is one with n metal base leaving a film 
of metal over the red lead primer At present there are only two such 
paints aluminium and graphite Tho aluminium paint is sold *as a paste 
and mixed as required with a medium, it must bo used within a few hours 
of mixing. On no account use ready mixed aluminium paint as it has 
probably deteriorated in the tin before it even reaches >ou 

Graphite is sold ready mixed Both these paints have a very large 
covering capacity 1000 to 1500 squaro feet per gallon. 

Red lead is quite useless as a finishing paint It is much too soft and 
can be scratched with one's nail. It also bleaches almost white when in 
exposed positions and oxidises badly forming a chalky deposit. 

There is however nothing to touch it for a priming or under coat. 

One great advantage of aluminium as a finishing paint for bridgework 
is that you can see the bridge at night. 

Mr. W. I». Murrell (Author): — I am much obliged to Mr. Brijmohan 
Lai for the prescription he has given The details will be printed with the 
Proceedings, and those who care to do so may try a paint of this description. 

As regards his query whether the prescription contained the necessary 
non-volatile plasticiser, I am afraid I do not know enough about these 
matters to enable me to reply. 

Mr. Shannon raised the question as to whether the percentage of 
bitumen in the defective paint was correctly shown. In reply, I must 
state that I had no other estimate of the percentage of bitumen in the 
paint. 

In reply to Mr Ghose, I do not think that it is necessary to incorpo- 
rate any fungicide in the paint The failure described can scarcely be 
attributed to any bug ”. 

While thanking you for the kind reception 5 ou have afforded my 
paper, I would like to make a suggestion. 

My suggestion or request to sou is a very earnest one 

I would ask members of the Congress, when they go back to their 
jurisdictions, to look at their bituminous paint work 

If it be found that the paint is not giving reasonable service, I would 
suggest that the Secretary of this Roads Congress be written to accordingly. 
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In that case the Congress will be able to tackle the Indian Stores 
Depaitmenfc who stock so many of these bituminous paints, which are 
absolutely un&uited to 99 per cent of our work. 

We have trusted the Indian Stores Department, and ore being led 
astray by them I 

Mr R. A. Titzherhert (Chairman) : — This is a paper on a subject that 
has not so far been discussed at the meetings of this Roads Congress, and is 
a most interesting one. 

I have had experience of only one such case and that was in the 
painting of the exterior of Army Headquarters in Simla many years ago. 

In this case the paint used was, as far as I remember, red oxide on red 
lead paint. 

The failure was only in the colour, which faded badly, and this was 
ascribed to applying the second coat in unseasonable weather. 
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APPENDIX I 


REPORT 

OF THE 

TECHNICAL SUB-COMMITTEE 

TO THE 

Council of the Indian Roads Congress 

FOR THE YEAR 1936. 

( Considered by the Council vide resolution No. 1 of its pioceedtnrjs dated 23>d 
Febrtiaiy, 1037 and adopted with remaiks tepioduccd at Annex Dr 
page 17.) 

1. Tbe Committee held one meeting dming the year at which the 
following were present. — 

Mr. K. G. Mitchell. C. I. E. 

Mr S. G. Stubbs, O. B. E. 

Major W. B. Whishaw, M. C , R E 
Mr. E. F. G. Gilmore, 

Mr. C. D. N. Meares, and 
Mr. Jagdish Prasad, Secntaiy 

The Committee considered a lettei from Majoi Whishaw, a copy of 
which is leproduced at Annex A, (page 16), and recommend as follows : — 

(n) With regard to the proposal foi the grading of bituinem the 
Committee doubt whether it is possible to classify bitumens 
within rigid limits for specific purposes, but they recogniso that 
there is at present a good deal of uncertmnty in the meaning of 
nomenclature used in connection with bituminous materials and 
still some obstacle to the ready interchange of views owing to 
misunderstanding as to the meaning of certain words or phrases. 
The Committee consider that the attention of members of the 
Congress should again bo drawn to the standard definitions, 
units of measurement, and so forth recommended last year and 
that it would bo desirable for the Congress to issue a pamphlet 
'on bituminous work which will bo something between an ABC 
of the subject and an advanced “Code of Practice " Tbe 
Committee decided to appoint a sub-coramittee consisting of 
Major Whishaw and Mr. Meares with instructions to consult 
Colonel Sopwith {Mr. Meares undertook to consult other bitumen 
interests) to draw up a simple Code of Practice on the lines 
, • indicated This is to be published erentually as a Congress 

bulletin. 
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1. The Committee held one meeting timing the year at which the 
following were present. — 

Sir. K. G. Mitchell. C. I. E. 

Mr. S. G. Stubbs, O. B. E 
Major tV. B. Whishaw, M. C , B E 
Mr. E. F. G. Gilmore, 

Mr. C. D. N. Meares, and 
Mr. Jtigdish Prasad, Secretary 

The Committee considered a lettei from Majoi Whishaw, a copj of 
which is itproduced at Annex A, (page 16), and recommend as follows: — 

(n) With regard to the proposal for the grading of bitumem the 
Committee doubt whether it is possible to classify bitumens 
within rigid limits for specific purples, but they recognise that 
there is at present a good deal of uncertainty in the meaning of 
nomenclature used in connection with bituminous materials and 
still some obstacle to the ready interchange of views owing to 
misunderstanding as to the meaning of certain words or phrases 
The Committee consider that the attention of members of the 
Congress should again be drawn to the standard definitions, 
units of measurement, and so forth recommended last year and 
that it would bo desirable for the Congress to issue a pamphlet 
'on bituminous work which will bo something between an ABC 
of the subject and an advanced “Code of Practice ” The 
Committee decided to appoint a sub committee consisting of 
Major Whishaw and Mr. Meares with instructions to consult 
Colonel Sopwith (Mr. Meares undertook to consult other bitumen 
interests) to draw up a simple Cotie of Practice on the lines 
• indicated This is to be published eventually as a Congress 

bulletin. 
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Of) As regains tho dcsiiability of an Information Bureau as part of 
the ltoads Congress Organization, tho Committee considered 
that tho present is not a favourablo time for suggesting increased 
expenditure on such things as nn Information Bureau, but re- 
commended that tho attention of members should again be 
drawn to tho fact that tho Consulting Engineer (Hoads) to tho 
Government of India maintains a library, to which ho adds, 
from timo to time, when new books appear, and that as already 
stated bo is leady to answer any, questions or refer members to 
publications on any subjects in icply to enquiries. (Mr. Mitchell 
states that up to tho present enquiries have hcon very few 
and he deprecated tho creation of an elaborate organisation 
in aavanco of any apparent demand for it). 

(c) The Committee is not prepared to recommend that tho scope of 
the Roads Congress should he extended into a Rond and Con- 
structional Engineering or a Roads and Buildings Congress. 
Tho Conmiittco feel that there were other Congresseb and 
Institutions covering a wide Held and that tho main justififcation 
for the Congress was specialisation on road matters. 

2. Tho Committco then considered tho construction of a test-track at 
Aliporo and tho first tests to be mado thereon. It was decided 

(1) that tho track should be JG feet wide ; 

(2) tint the mono-rail tractois being designed by Mr. Gilmore 

would be suitable ; 

(3) that by having two ti actors running ono on each of tho 

rails at opposite side of tho tiack two sets of experi- 
ments could lie carried out at tho same timo if 
necessary ; 

' (4) that if it wero necessary or desirable to alter the direction 
of tho test this could bo done by tho inter-change of 
tho two tractors ; 

(5) that the first series of experiments should be directed not 
only to nsccitain certain definite information nboufc 
ceitaiu materials but also to correlate tho results of 
the using of the tractors at a speed (a) of 3 umes an 
hour which approximates to tho speed of a bullock- 
cart and (b) G miles an hour. If it is found that tho 
relative results obtained at these two different speeds 
arc the samo, it would then be possible to save much 
- time by running the tests at the higher speed ; 

(G) tho track of tho tost trr ‘ 

' . G inches and tho 

arrangement propost 

give a lateral travel of about 18 inches to 2 feat was 
. approved ; 

f7) tho soling should bo of 4-inch broken brick thoroughly 
consolidated and upon this should bo laid another 
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coat 45-inch, loose measurement, of water-hound 
macadam using local stone ; upon this should bo laid 
the material to ho tested ; 

(8) The Committee considered that the most important test 

to he made first was the relative performance of differ- 
ent lino aggregates as chips in surface painting and 
that to make the test complete these should be used 
over water-bound macadam constructed of the same 
aggregate. The hinder should not be varied but should 
he a standard hot bitumen. It was decided that four 
sections of the track should bo laid to the full 1G feet 
width as follows : — 

(t) Patbankot stone with Pathankot shingle as a 
fine aggregate 

( 11 ) Delhi stone with Delhi chips as the fine aggre- 
gate. 

(til) Cawnpore stone with Caunpoie chips. 

(if) Bengal granite with Bengal granite chips. 

(9) The two water-bound macadam coats to be laid with a 

sand clay blinding or cushion laid under the loose 
metal. The metal should not be blinded from above 

9 (<) The Committee consider that in addition to the other lecords, 

photographic records should be kept of the condition of 
the water-bound macadam before the paint-coat is applied 
and of the suifacc at various stages from the commence- 
ment of the test ouwards 

{ ii ) It was decided to use standard bitumen as a bindei in order to 
enable performance of the different fine aggregates to be 
determined with some precision The fine aggregates to 
be sieved beforo use to approximately a uniform sizo and 
the paint-coat to be cut out at various stages, the bitumen 
extracted and a sieve anal} sis being made of the fine 
aggregate remaining It was considered desirable to relate 
the behaviour of the fine aggregate to the results of the 
test of the same stone m the Deval machine in order to 
ascertain whether that m i chine gives a true picture of the 
property of stone for these purposes- 

4. The Committee decided to hold a further meeting, if possible, in 
Calcutta in July or August to go into the question of further equipment at 
the Ah pore Test House. 

5. These minutes'may be presented to the Council of the Congress 
as the report of the sub-committee, for information and such criticism ns 
the Council may wish to make. 
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ANNEX A. 


Dalrd, the 8th January, lyjT- 


Majoi \V I) Wlmhiw, m.c., k r., 

Enginecr-in-Chicf s Branch, 

Army Headquarters, India, 

Simla. 


Jagdish I'raud, Esquire, 

Scrritary, Indian lloads Congress, 

CVo The Department of Industries Labour, 

Public Works Branch, 

New Delhi 


Sir, 

I am afraid o\um; to im absence from India for a pari of the \ear and owing 
to tm pre-occupation since I have returned, I am out of touch with what the technical 
sub-committee is doing. I should he glad if >ou would let me know the position In 
this connection I have three suggestions to make and I hope that there is still time for 
their consideration and incoi {oration in the proceedings. 


/Vif/v — last sear we defined Bitumen and I now suggest that we go into the 
grading of Bitumen Pur this purpose, 1 suggest that the ke\ to the situation lies m 
the pimtrution limits The following penetration limits should he recognised * 


25 to no 
no to 10 
10 to 50 


50 to GO 85 to 100 

GO lo 70 100 to 120 

70 to 85 120 to 150 


150 to 200 

(In this connection sec Highway Engineering b\ Bateman— twee 2101 


1 hut hr i suggest that in regard to India, the following penetrations arc 
suitable -- 

for Road Bitumen applied hot 

Surface dressing . . . . . . . . GO io 100 

Grouting . . < « - • - - - . 00 to 50 

Premix 25 to 10 


1 suggest that within each group, the harder ranges should he used with harder 
stones and softer ranges with softs r stones. 

The onl> use to which Road Bitumen within the group 100 to 200 is put in 
India is in the manufacture of road emulsion. 

The t>pes of Bitumen used in Cut-Barks in India is less definite. All tint can 
Ik- said at present is that Bitumen in Cut-Backs are generally softer than Bitumen 
applied hot anti that in no case is Bitumen harder than .jo used in Cut*B»cks 

Secondly— as regards the Congress Lihrar>; the present arrangements of being 
able to u*e the Library of the Consulting Engineer to the Government of India. Roads, 
is recognised, I believe, as a temporary expedient only. I suggest that what the 
V ongress nerds is not only a library, but an Information Bureau with a proper »\ stent 
of indexing information in the manner .that is done b) the Central Board of Irrigation 
who also ivsuc a quarterly Bulletin indicating whit new material lias come to hand. As 
1 do not presume that this work of indexing could be undertaken l»> the office of the 
Consulting Engineer to the Government of India, Roads, I suggest that the Central 
I.oaril of Irrigation be approached ns to the terms and conditions under which the} 
nuiu tv prepared to undertake the stocking of looks on road matters and indexing 
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of the information therein on behalf of the Indian Roads Congress I understand that 
from the point of view of the Indian Roads Congress, It Is probable that the cost would 
be negligible, (after the order of Rs. 1,500/- per annum), in comparison with the 
benefits I further suggest that such a combination or amalgamation of engineering 
effort would have the further advantage of creating a step towards the eventual estab- 
lishment of a Central Scientific Library meeting the demands of all engineers in India 

Thirdly — I am of the opinion that the material for an Annual Congress on 
Roads, pure and simple, will not in the near future produce enough new material 
Admittedly we arc taking up the question of Bridging which is limitless subject. At 
the same time Bridging is so inter<onnected with Structural Engineering generally that 
it would be a pit>, if eventually Bridging becomes the main justification for the Roads 
Congress, to exclude general Structural Engineering from the Agenda I, therefore, 
suggest that at least the feeling of the Congress at Lucknow should be gauged as to 
their views in respect to making this a Road, Bridge and Structural Engineering or. 
if vou like a Roads and Buildings Congress 


I have the honour to be, 

Sir, 

Your most obedient servant, 

W B WHISHAW, 
Majore, n e. 


ANNEX B. 


The Council considered and adopted the report of the Technical Sub-Committee 
subject to the following comments and instructions • — 

(1) With reference to sub-paragraph (c) of paragraph 1 it was suggested that 
the Technical Sub-Committee had not opposed iht > xtension of the activities of the 
Roads Congress for all time, but merelv held that the present moment was not opportune. 
This view was accepted 

(21 In connexion with the Sub-Committee s recommendations for the test to 
be carried out on the test track, which were accepted, the Sub-Committee was instruced 
to consider what research, whether on a test track or otherwise, is possible in connexion 
w-ith the effect upon waer-bound macadam of mechanical transport and particularly 
the feature of corrugation 

(3) Mr. Radice then introduced his proposal that the commencement of stan- 
dardisation through the Bridge Committee should be followed up b) the creation of a 
standing standards committee lie explained the object of his proposal, and a few 
questions were put b\ certain members Mr Mitchell suggested that what Mr Radice 
wanted was that the Government of India should not onlv be asked to continue the 
existing subsidy but be informed that the Congress might propose eonsidrrablv increased 
expenditure on Research requiring larger subsides It was decided that the proposal 
should be discussed in the business session of Congress and that the Congress might 
be asked to authorise the Council to go into the question and *re how it should b- 
pursued, and whether the attention of the Government of India should be drawn to it 
at the time thev are asked to continue the existing financial arrangement 
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APPENDIX H 

REPORT 

OF THE 

TECHNICAL SUB-COMMITTEE 

TO THE 

Council of the Indian Roads Congress 

FOR THE YEAR 1937. 

( Considered and approved by the Council vide its resolution No. 10, dated 
the 31st December 1937). 


The Technical Sufc-Committeo held its first mooting at Simla on the 
25th M.iy, 1937. The minutes of this meeting (reproduced at Annex C, page 
18) were duly circulated to the Council. 

The second meeting ot tho Sub-Committee was held at Hyderabad on 
the 31st December, 1937. The minutes of this meeting are attached 
{Annex D, page 34). Two of the original members Mr. K G. Mitchell and 
Major W. I) Whishaw having proceeded on leave, their place was filled by 
Messrs. L 13. Gilbert and Mr. Trovor-Jones. 

The Committee would reiterate their view already expressed in the 
minutes of their first meeting that Mr. Murrell’s suggestion to use a primer 
(crude tar, etc ), with sand as first coat followed bv a second coat of stone 
’ • ' * * ‘ excellent results and 

\ ' at the test track at 


Tho Committee have, on the suggestion of Colonel Sopwith decided 
to carry out tests regarding the performance of chips in surface dressing 
using tar as the hinder over a length ol 100 feet in the middle ot each 
straight length of the Test Track. 


ANNEX C. 


Minutes of the Proceedings of the Technical Sub-Committee ol the Indian Roads 
Congress held at Simla on the 25th Mav, 1937. 

PRESENT. 

Mr. S. G. Stubbs, o.b.r President of the Congress (in the chair). 

Mr. K. G. Mitchell, c.t.e. 

Mr. E. F. G. Gilmore 

Major W. B. Whishaw, o.b.b., m.C., r.e. 

Mr. C. D. N. Meares 

Mr. Jagdish Prasad (Seentary). 
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- -The committee considered the draft specifications for the Test Track to be 
established at Aliporc and after some discussion _ adopted the specification as at 
Appendix 1, page 20 The committee -were of opinion that afteT the fust test on the 
relative performance of chips in surface painting is over, tests should be made to explore 
the possibilities of road surface composed of a primer coat of thin tar (or cut-back) and 
sand and a second coat of pre-mixed stone chips. The committee examined and 
approved the detailed drawings of the test track, tractor and trailler prepared by 
Mr. E. F. G. Gilmore and expressed their thanks to him for the trouble he had taken. 

2 The Committee considered Mr Murrell’s letter (vide Appendix 2, 
page 23) and came to the following conclusions : — 

(a) Regarding Mr. Murrell’s suggestion that tests be carried out at Alipore 
to determine the reasons for corrugation of water-bound macadam in order to devise 
a specification far a non-corrugating surface, the Committee decided that they could 
not see their way to make these tests at Aliporc In the first place the test track is 
designed for tests at slow speed and with the express object of determining the effect 
of bullock-carts upon different kinds of surfacing materials A track to reproduce 
the conditions of corrugation would obviously have to be run at speeds comparable with 
those of motor vehicles on the road and having regard to the axle weight which would 
be necessary the track would have to be circular on the lines of the new heavy test 
track at Ilarmondsworth and would be extremely expensive It is doubtful moreover 
whether such a track would give reliable results, because the effect of a vehicle moving 
on a relatively small radius is probably greatly different to that of one moving on a 
straight line and the contributory effect of the prevailing direction of the wind, if any, 
would be lost. The Committee considered that observations in respect of corrugation 
could be made on any road subject to heavy motor vehicle traffic provided a byc-pass 
road were made to take all other kinds of traffic Arrangements could then be made 
for ordinary motor traffic, or certain classes of it, which could be counted, to run over 
the test road first in one direction, then in another, and finally in both directions The 
members of the Committee were not prepared to express any definite opinion as to the 
probable causes of corrugation but considered that one or both of the following were 
contributory causes . — 

(i) Wheel spin throwing up loose surface blindage, and 

(ii) defective rolling of thick coats of metal which produce the effect 
of the metal creeping in front of the roller and then forming a hard 
ridge over which the roller rides to commence another depression. 

The Committee decided to inform Mr Murrell that, if he could see his way to arrange 
and supervise a test of the nature suggested, thev would be prepared to make a recom- 
mendation that the necessary money should be provided bv the Government of India. 
At the same time Mr Murrell should be informed that the Committee appreciated the 
importance of the subject and regretted that they could not undertake to investigate it 
at Alipore. 

(b) As regards Mr Murrell's suggestion regarding the use of a primer with 
sand as a first step m surface treatment to be followed by a second coat of stone chips 
bound with some bituminous material, the Committee thought that this form of treat- 
ment would probably give excellent results and decide to make a test of it on the test 
track at an early opportunity 

3 The committee next considered the letter of Messrs Imperial Chemical 
Industries India, Limited (vide Appendix 3, page 21), and resolved that the Pro- 
vinces may be asked to trv calcium chloride for stabilizing both water-bound and easth 
roads in tracts where humidity was low provided a free supply of the chemical was 
made by the manufacturers The committee did not consider it necessary to give 
calcium chloride a trial on the test track as the material was thought to be only of local 
interest 


4. Regarding Mr. Radice's proposal for the creation of a central authority for 
standardisation, organisation, etc (vide Appendix 4, page 31) the committee were of 
opinion that what was necessary at the present stage could be achieved with the co- 
operation of members of “Code of Practice” subcommittee, the technical juo-com 
mittee and the council of the Indian Roads Congress 



5 Regarding paragraph 1 (2) of the minutes of the second meeting of the 
council held at Lucknow on February 23, 3937 (vide Appendix 5, page 34) the com- 
mittee’s opinion was stated in paragraph 2 above. 

6 The committee considertd Col Smith’s suggestion regarding the fcasibiHtv 
of keeping prominently before the Congress, in the form of a paper, the question 
of widening traffic lanes and decided after some discussion that the object would be 
achieved if Major AVhishaw and Mr. Meare* who were writing a general code of 
practice for road work, could bring it, in the form of a paper, for discussion before the 
Congress. After the Congress had expressed its views on the paper, it would be 
published separately as a Congress publication. 

7. Regarding the distance at which road signs should be fixed from the point 
of danger, the committee was of opinion that the normal distance should be a furlang, 
the minimum distance being 400 feet. They desired that the various automobile asso- 
ciations should be consulted in the matter. 


APPENDIX 1 TO ANNEX C. 

ALIPORE TEST TRACK SPECIFICATION. 

(1) The track shall consist of two straight sides 150 feet long joined at each 
end by semicircles of 50 feet radius. The width of the track shall be 16 feet and it 
will be divided into four sections each containing half the length of a straight side 
and half of one of the end curves 

(2) The mono-rail tractors with cantilever draw-bar being designed by 
Mr. Gilmore will each command half the track width from opposite rails. 

(3) If necessary, two sets of experiments will be carried out at the same time, 
b> running one tractor on each of the rails at opposite side of the track. 

(4) It mav be desirable to alter the direction of the test and Mr. Gilmore 
will consider whether this could be done bv the inter-change of the two tractors 

(5) The first series of experiments will be directed not only to obtaining 
information about certain materials but also to correlate the results of using the 
tractors at a speed (a) of 3 miles an hour, which approximates to the speed of a 
bullock-cart and (b) 6 miles an hour. If it is found that the relative results obtained 
at these two different speeds arc the same, it would then be possible to save much 
time bv running the tests at the higher speed. 

(6) The track of the test trailer to be approximately 4 feet 6 inches, the 
wheels 3 feet 6 inches in diameter and the tyres 2 inches wide. The slewing arrange- 
ment proposed bv Mr. Gilmore will give a lateral travel of about 18 inches to 2 feet. 
Probably a worn track of 8 inches for each^ wheel will suffice. The transverse motion 
of the slewing arm should, if possible, be quick-reverse rather than harmonic to prevent 
convex wear The usual wear on roads is concave. 

(7) The soling shall be six inches thick composed of broken brick 2-inch to 
4 -inch gauge thoroughly cosolidatcd and upon this shall be laid another coat 4j-inch, 
loose measurement, of water-bound macadam using local stone; upon this shall be laid 
the material to be tested; ( vide appendix 1 A, page 22, for detailed specification for 
consolidation). 

(8) The first test will be made to determine the relative performance of 

different fine aggregates as chips in surface "pointing used over a coat of water-bound 
macadam 4J-inch loose measurement, constructed of the same aggregate as the chips 
in each case. The binder shall not be varied but shall be a standard hot bitumen 
80-100 penetration sprnved at tfie rate of 45 pounds per 100 square feet The four 
sections of the track shall he laid to the full 16 feet width using : 

(») Pathankot stone with Pathankot shingle as a fine aggregate. 

(ii) Delhi stone with Delhi chips as the fine aggregate. 


21 


(i*i) Jlanu stone with Jhansi chips. 

(i») Bengal granite with Bengal granite chips 

(g) The two water-bound macadam coats, fir the first coat of local stone and 
the test coat of imported stone, shall be laid with about one inch of clay blinding 
and cushion laid under the loose metal, to be worked up into the interstices by rolling. 
The metal should not he hlmded from above, nor should gritty material be used 

(101 The following records will be maintained — 

(a) Range of temperature during laying and every day during the actual 
test, the maximum and minimum readings of wet and dry bulb ther- 
mometer being observed 

(fc) Dates of commencement and completion of each experiment 
(e) Dailj rainfall during the period of test 

[d) Quantities and costs of the various materials used in the test track, 
(a) Description of plant used, the weigh! of rollers and dimensions of 
rollers, and the number of times rolling is done over the chips In 
the paint coat 

(/) Daily record of the condition of surfaces under test and the nature of 
damage that occurs 

(g) Photographic records of the condition of the water-bound macadam 

before the paint coat is applied and of the surface at various stages 
from the commencement of the test onwards These photos to be 
dated by the inclusion in the photo of a black-board with the date 
in white chalk 

( h ) Records of routine tests* on bitument used, t g. penetration, melting point 

and ductility 

(11) The fine aggregate will be J-inch gauge, i *., passing through a square 
mesh of } inch and retained on a square mesh of | inch and shall be evenly spread 
at the rate of 5 cubic feet per hundred square feet of surface 

When the road surface is bone dr>, it will be thoroughlv cleaned and bitumen 
will lie applied hot at the temperature specified b' the manufacturers and shall be 
ivenlv spra>ed or poured from pouring cans as the suppliers shall specify Gritting 
will be elone uniformk immediateh aftu pouring bitumen, and will be followed by 
rolling with a 4-ton roller till the chips have set The number of times the roller is 
passed over will be recorded 

(12) The fine aggregates will be carefully sieved before use to the size specified. 
The paint coat will be cut out at various stages, the bitumen being extracted and a 
sieve anal>sis being made of the fine aggregate remaining The behaviour of the fine 
aggregate will be compared with the results of the test of the same stone in the Deval 
machine in order to ascertain whether that machine gives a true picture of the pro- 
pert' of stone for ihese purposes lVhtii the surface of the water-bound macadam 
under the paint coat is exposed for about 25 per cent of the area of the worn tracks 
the paint coat will be deemed to have failed The nature of the failure, 1 e , by wear 
or peeling will be carcfulK observed and recorded and the paint coal will be stripped 
and if the underlying macadam is in good order a further coat will be laid for test 

(13) A line will be marked along the centre line of the track and be divided 
into five-foot lengths starting from he centre of one straight side These 5 lengths 
will be p-rmanentlv painted and numbered on some fixed rail or otherwise outside 
the side guide rails b\ lines drawn normal to the centre line The units on the outside 
of the end curves will thus be greater and on the inside less than 5‘. All records of 
the behaviour of he material will be described by the five-foot sections thus demar- 
cated Th *se sections will be reproduced on a large scale plan and numbered 

(14) Local failure in the paint coat due to minor local defects will be 
repaired with identical material and the repairs earned out will be carefully recorded 
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The records should show the quantities of bitumen and chips used and the area 
patched in each section on any particular date. The position of patches should be 
marked on the large scale plan and the date on which the first paten Is formed should 
be noted 

(15) The wheels of the test tractor arc to be loaded in the first instance to 
1000 pounds per inch width of tyre ie., for two-v, heeled test-tractor with two-inch tyres 
the total weight of each tractor will be 4000 pounds. 


APPENDIX 1 A to ANNEX C 
CONSOLIDATION OF SOLING 

(fl) Over-burnt hard bricks broken to ballast of 2-inch to 4-inch gauge will 
be used for soling 

( b ) The trench* to receive the soling will have vertical sides and the profile 
of the base will have a camber of 1 in GO The trench will be lightly watered and 
rolled before laying the soling 

(e) The ballast will be carefully hand-packed to reduce the interstices to 
a minimum. The depth of the packed ballast will be 6 inches and the surface profiile 
will have a camber of 1 in 60. 

(<f) The surface will be rolled with 12-ton steam, road roller, at first dry, 
and then after sprinkling water, till the ballast has firmly set. Any settlement which 
occurs on rolling should be made good by additional ballast. 


CONSOLIDATION OF INTERMEDIATE COAT 
fn) The metal for this coat will be Ecngal granite obtained from approved 
quarry and broken to 2 inch gauge, i e , it shall pass a square mesh of 21 inches and 
shall be retained on a square mesh of 1} inches The metal shall be free from dust 
or extraneous matter. 

(6) The surface of the soling will be cleaned and a layer of good dry clay 
will be evenly spread to a thickness of 1 inch over which the metal will be evenly 
spread and carefully hand-packed to a depth of 44 inches and to a camber of 1 in 
GO The camber will be checked while spreading metal by means of templates placed 
at close intervals The metal shall then be rolled with a 12-ton road roller, com- 
mencing at the edges and working towards the centre. 

Dry rolling will be continued till there is no appreciable movement in the 
metal under the roller or when walked upon 


The metal will then be sparingly watered and the rolling continued till the 

metal becomes compact and the clay works up from underneath. Rolling will be 

stopped when no marks of the roller wheel are noticeable on the surface. 

(e) The surface shall be kept watered for a week after consolidation in case 

the top coat is not to be consolidated immediately after the intermediate coat. 

CONSOLIDATION OF TOP COAT 

. The metal for the top coat will be obtained from the localities specified in the 
mam specification. 


Th« trench will be 16 feel wide and i» inches deep 


the soling and two coats of soetal 
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The size of the broken metal shall conform to the following grading:— 


75 P«r cent — ij inch gauge(passing a square mesh of 2 inches and 
retained on a square mesh of 1 Inch). 

25 per cent — | inch gauge (passing a square mesh of 1 inch and 
retained on a square mesh of J inch). 


The two grades will be mixed together before laying Lading and eonsol.datlon 
will be done in the manner indicated for the intermediate coat. 


Appendix 2 to Annex C 


Copy of letter No. 294 ’, dated the 2 nd April ig 3 y, from the Officiating Superintending 
Engineer, Chota Nagpur Circle, Ranchi, to the Secretary, Indian Roadi 
Congress. 


Subject : — 3rd Indian Roads Congress at Lucknow. Report of the Technical Sub- 
committee of the Indian Roads Congress for 1936 


Reference Nil 

I have the honour to state that, in the absence of the Chief Engineer at 
Lucknow I was called on to represent Bihar on the Congress Council, and accord- 
ingly did so. 

When proposal 8 (Test Track) of the Committee was under discussion in 
Council I urged the necessity of the following two points . — 


(a) Test wheels to represent motor transport to carry a ratio of sprung 
to unsprung load and to be driven from the hub and not merely 
dragged. 1 

(f>) Experiments should be done on water-bound macadam consolidated 
according to different specifications, as soon as possible. 

I went as far as requesting that my suggestion (b) be recorded, and gave as 
my reason that the Province of Bihar has not a great deal to spend on communica- 
tions Thu lack of funds meant the curtailment of surface sealing, and the main- 
tenance of a high percentage of water-bound macadam surface .which was very 
subject to corrugation To put it briefly, Bihar is more interested in obtaining the 
best specification for a non-corrugating water-bound macadam road than it is in the 
behaviour of different kinds of grits used in the scaling of water-bound surfaces 


So far as I know, my suggestion, not to say protest, on behalf of Bihar, has 
not been recorded 


Another reason for this present communication is a conviction, formed since 
the Lucknow Congress, that the specification for la>ing the test sections is not one 
from which the most useful results will be obtained 


While admitting that it is necessary, for the sake of simplicity, not to vary 
the hinder I now suggest that the method of its application should at least approxi- 
mate to the usual method in which a binder is used in Indian sealing work, or to 
a method in which it could be economically used in seating work in India 

In reality in India, we invariably blind our water-bound macadam before we 
seal it The method proposed by the Sub-Committee, i e , the application of hot 
binder to ncwl> rolled but unblinded water-bound macadam i.e , a semi-grout, is 
certainly not general practice in India 


I know of no countr> where it is general practice, and the reason is doubtless 
that civen in pages SS7 and 393 of Bulletin No 108 of the Permanent International 
Association of Road Congress for Nov ember-December 1936. 



If any weight is attached to this suggestion to approximate the Test Traci, 
methods to practical Indian methods, it is obvious that the Sub-Committee who will 
discuss the Test Track in Calcutta in Julv should consult also the Sub-Committee 
consisting of Major Whishaw and Mr M cares who, in consultation with 
Colonel Sopwith, are to draw up a Code of Practice for Indian seal coat work. 

Reference to this proposed Code again causes ine to write on matters which 
affect Bihar, and this time the issue is the incorporation in the specification of the 
uses of tar, and by “ tar ” I mean crude tar as well as No 1 and No 2 Road Tar, 
the products, more or less directlv, of Bihar and Bengal coal. 

The following is an outline of my experience gained in portion of Bihar, and 
it is proffered in the hope that it will be useful 

Except for experiments done with chips and distilled ta* and bitumen in 1929 
and 1930, most sealing to water-bound surfaces up to about 1931 or_1932 was done 
with heated crude tar, sometimes mixed with pitch, and blinded with coarse sand, 
the seal being repeated annually. 

From about 1932 to 1935, crude tar gradually became replaced by distilled 
tars viz. Road Tar Nos. 1 and 2 and a little bitumen; but coar-_* and sand was still the 
blinder. This seal was done every 2 or 3 years on the less important roads, and every 
year or two on the more important roads 

Late in 1935 and 1936, fairly large quantities of straight bitumen of penetra- 
tion about 100, and No 2 Road Tar were laid down, and chips were used to the 
total exclusion of sand as a blinder. 

Where this work W3S done -on newlv consolidated water-bound macadam, it 
was very expensive owing to the necessity of cleaning the water-bound surface suffi- 
ciently to get a good key, which resulted in high consumption of binder 45 to 
55 pounds per 100/- square feet. Proper boilers, bass brooms and rubber squeegees were 
used 

Owing to this high cost and a lot of inefficient work in spreading the binder, 
I adopted a specification which I had seen used in Australia and which consist of 
stone chips bound with bitumen or distilled tar as a second coat, done soon after a 
primer coat of thin tar and sand, which had followed soon after reconsohdation of 
the water-bound macadam 

The “ thin tar ” used here in the primer seal is sometimes good crude tar and 
sometimes No. 1 tar 

A point about the crude tar is that it “ takes ” better to the damp surface 
than does the thin distilled tar 

In this connection it is well to remember that, at the Lucknow Congress, a 
number of speakers stressed the necessity of sealing the new water-bound surface, 
as soon as possible. Bitumen and the more viscuous distilled tars do not take so 
well to the damp surface as good crude tar, which itself contains a fair amount of 
water 

This two-coat method is now prosing more successful than the single heavy- 
coat method owing partly to the greater ease in spreading the binders and partly to 
the less consumption of the more expensive binder, whether tar or bitumen 

Another reason, why I should like to bring this local experience to the notice 
of the Code Sub-Committee, is the complete substantiation which the system obtains 
from an important paper “ The selection of binders for superficial treatment, *’ just 
published in Bulletin No 108 of the Permanent International Association of Road 
Congresses for November-December 1936 

Should the Code Sub-Committee be interested, I would be glad to reply to 
any queries 

They may also be interested in a certain amount of success in our efforts to 
cheapen the cost of chips for blinding by employing a small portable granulator 
driven bv a Diesel road roller 1 ° 
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APPENDIX 3 TO ANNEX C- 

Copy of Utter dated Calcutta, soth March, 1937, from the Director, Imperial Chemical 
Industries (India) Ltd. to the Consulting Engineer (Roads), P. W. D. Branch, 
Department of Industries and Labour, New Delhi 

Subject : — Calcium Chloride^Its use in the construction of Stabilised Roads 

We learn that very shortly a Government Test Track is to be built in Alipore, 
for testing the relative merits of various road-making materials and of different methods 
of road construction 

We would like to bring to your notice a comparatively new method of 
building water-bound roads which has already won much favour in countries where 
there are still large milages of this type of road, notably in the USA and Canada, 
and in Sweden and Norway 

The secret of this new technique of 4 stabilised ’ road construction is Calcium 
Chloride, a highly hygroscopic substance By absorbing moisture from the atmos- 
phere it ensures that the moisture content of the road surface is maintained at the 
right degree so that maximum consolidation is obtained 

We enclose a copy of our report Tr/181 which contains, in brief, most of 
the available information on the subject It will be noticed that the suitability of 
stabilised roads for any particular locahtv depends on the prevailing atmospheric 
conditions From meteorological data available, it looks as if conditions are suitable 
throughout the year in coastal districts, and that they arc unsuitable for one or two 
months during the year in the Punjab and Rajputana and possiblv in some parts of 
the United Provinces and Central Provinces 

The leport also outlines briefly the methods of construction and maintenance 
The exact proportion of gravel to clay, in the road material to be used in each locality 
is probably a matter to be decided upon after preliminary experiments. 

Trials with Calcium Chloride arc now being carried out in Mysore by a Euro- 
pean firm of constructional engineers and we have had several requests for informa- 
tion about stabilised roads from other parts of India 

We vers much hope that a trial of road surfaces stabilised with Calcium 
Chloride can be made on the new Test Track since we feel that this method of road 
construction mav be of considerable value in India where the great need is for hard- 
wearing roads whose construction and upkeep do not involve heavy expenditure 

If you arc willing to lay down a short stretch of stabilised road for experi- 
mental purposes, we shall be happv to supplv the necessary Calcium Chloride free 
of charge 


IMPERIAL CHEMICAL INDUSTRIES (India) Ltd 
Technical Report No. TR'181. 

CALCIUM CHLORIDE: ITS USE IN STABILISED RO\D MAKING 
I. SUMMARY. 

In countries like the USA. and Canada, which possess large milages of water- 
bound roads, increasing Quantities of calcium chloride are being used, both for laving 
dust and in the new technique of stabilised road construction 
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\n examination of the properties of calcium chloride in relation to climate 
shows, that in Australia and New Zealand, South Africa and certain parts ol India 
and South America, conditions are favourable for the use of calcium chloride both 
•is dust palliative and m road stabilisation 

The development, underlying principles and method of construction of 
stabilised roads are discussed, and rcleiencc is made to their durability and cost. 

It is stated that calcium chloride lias no deleterious effect on the hooves of 
animals, the tyres of automobiles or other materials likely to pass over roads treated 
with it 

II INTRODUCTION. 

In the last four 01 five years gi owing attention has been directed to the use 
of calcium chloride in road maintenance In the U.S A , Canada, and Sweden 
especially highway engineers have made much use of this salt as a dust palliative and 
m building of stabilised roads The latter is a new type of highway, which is being 
i.ipidlv developed in the USA and there seems no reason why it should not prove 
practical in other large countries, such as Australia, where it is difficult, owing to cost, 
to constnict fn st-class tar-bound macadam roads anywhere but in the neighbourhood 
of large emeus of papulation 

1 his report collects eMSting knowledge about the use of calcium chloride on 
loads, and indicates certain factors principally climate, which govern the potential 
ns ot the product m India 

III THE PROPERTIES OF CALCIUM CHLORIDE WITH REFERENCE TO 
THEIR APPLICATION IN HIGHWAY MAINTENANCE. 

Calcium chloride is extrcmelv soluble in water and very hygroscopic. It is 
on these two properties that its use in road maintenance depends; for its hygroscopic 
nature enables it to bind dust, and to maintain the gravel-clay mixture of a stabilised 
load at the optimum degree of moistness for maximum consolidation 

B\ far the most importance attaches to its hygroscopic properties Two oppos- 
ing forces are at work — 

(1) The tindenev of water vapour in the air to condense on and dissolve the 

calcium chlonde 

(2) 'Ihc tendency of the solution of calcium chloride to evaporate, giving 

up its water to the atmosphere. 

Tor successful dust laying, it is necessary that (t) shall be greater than (a), 
oi, iiiou conciselv, that the partial pressure of squeous vapour in the air shall be greater 
tlvux Uw tension of aryacouv vapour of a saturated solution of calcium chloride at the 
same temperature 

Since evaporation is not an instantaneous process, it follows that calcium chi®" 
nde may still be successfullv used in some of the localities where (1) is l ess 
for vers short periods of the day, the moisture absorbed during the hours when (1) 
's greater than (2), serving to tide over the interval during which (1) is less than (2). 

It should also be realised that the temperature of a road surface, exposed to 
tit lull glare of the sun, may be several degrees higher than that of the surrounding 
2tC Isphcrc, so that evaporation mav proceed further than might be expected from 
air temperatures and humidities On the other hand, the layer of air, immediately 
in Contact with the surface, might be expected to be at about the same temperature 
us tin surface, and in the absence t>f strong winds it is this layer which has the largest 
influence on the rate of evaporation of the surface. 

\ further point to be liomc in mind when considering any given locality' is 
the daik variation in temperature Meteorological data for a district consist as a 
rul« 0 f “ mean it mperatiircs ”, and “mean humidities”, so that when assessing the 
value of calcium chloride as a dust laser, allowance should be made for some vari- 
ation— -'■.is 10 centigrade degrees — on each side of the mean temperature. 
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Below in a table of tcpcraturcs, and limiting humidities below which calcium 
chloride is useless* — 

'Icmperaturc Humidity below which 

calcium chloride is useless 

5 ... 40.0 

10 . 37 5 

15 31 7 

20 32 0 

25 . . 2S 0 

30 . . 21 0 

35 . . 20 5 

40 .. 18 6 

50 . . 17 0 

IV PUBLISHED DATA CONCERNING THE CONSUMPTION or CALCIUM 
CHLORIDE IN ROAD MAINTENANCE 

Although calcium chloride is no longer used for dust laving on roads in Britain, 
owing to the adoption of tar-bound or concrete roads, which arc dustless, the position 
is different in other countries where there still are large milages of water-bound roads, 
notably in the USA and Canada, and in Sweden and Norwav 

The adoption of stabilised roads is causing an increase in the consumption of 
calcium chloride in these countries, an increase mainly due to the large amount of 
pioneer work carried out by the Dow Chemical Company and the U S Highway 
P^cscarch Board Most of the information about stabilised roads, especially on the 
theoretical side, comes from the work of the Road Stabilisation Department of fhs 
Dow Chemical Company 

The annual consumption of calcium chloride for roijd maintenance in the vears 
1931-33 was in the USA between 70,000 and 100,000 tons, in Canada about 20,000 
and large quantities in Sweden and Norway 

Mr B C Tinev of the Michigan State Ilighwav Department is quoted as 
saving — “Michigan’s large milage of grav*l roads pri v nt i venom problem in 
elimination or reduction of dust Oui program. this voar *1935' includes the 
mating of approximatelv 3,650 miles of gravel loads, using 30,500 tons of calcium 
chloride ” 

To understand the reason for the large USA consumption, it must be realised 
that there are in that country onlv small milages of first-class roads in relation to its 
size Thus with an area more than thirtv times that of Great Britain it possesses onlv 
about three quarters of Britain’s milage of first-class tar-bound or concrete roads 
There are in the USA some 2,000,000 miles of roads with no surface other than the 
•oil of the district and some 500,000 miles of water-bound gravel roads These facts, 
taken in conjunction with the very large number of automobiles, (25,000,000 or one 
to every 5 persons), make the case of the U S A a special one, and not one from v huh 
it is safe to deduce estimates of potential consumption of calcium chlonde in countri" , 
where its use is as yet undeveloped 

Apart from the USA, Canada, Sweden and Norwav there are as yet no other 
countries in which calcium chloride is used to am appreciable extent for highwav 
maintenance. 

V TIIE BEARING OF CLIMATE ON THE USE OF CALCIUM CHLORIDE 

India 

The average temperature reduced to sea level is about 75 deg f over the whole 
of India, except parts of the extreme north, and exceeds SO deg T over all p»rim*-i-* 
India, except the west coast and all the more southern!' pin- of Burma 
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The humidity is moderate, but less than 50 per cent in Rajputana, whereas in 
coastal districts in the cast it i* so high as 80 per cent. 

It is not possible to make more than a rough estirriate of the magnitude of the 
areas over which calcium chloride would be effective. From information collected it 
would appear that most coastal districts are amenable to_trcatment, but Rajputana, the 
Central Provinces, and the Punjab are not suitable Over roughly one-third of the 
countrv calcium chloride should be useful 

Judging from meteorological data, therefore, it would seem feasible to build 
stabilised roads in parts of India. Moreover, the country is precisely pf that type for 
which such roads are an economic proposition, because it is one in which the immense 
distances involved make it financially difficult to construct first grade tar-bound roads 
anywhere except around large towns. 

It is beyond the scope of this report to estimate the market for calcium chloride 
>n road maintenance, except *n so far as to point out that so small a length as li® 
miles of stabilised road 20 feet wide would absorb not less than 1,000 tons of calcium 
chloride, (600 of which arc required for annual maintenance) — and there are in 
Australia alone more than 50,000 miles of water-bound roads at present unstabihsed 

VI THE USE OF CALCIUM CHLORIDE FOR STABILISED ROADS. 

(a) Investigations in the USA 

The United States with 25,000,000 automobiles, or on an .average one to every 
five persons, is in a peculiar position with regard to roads Tor although the area of 
the countrv is more than thirtv times that of Great Britain (including N. Ireland) 
there are only about 100,000 miles of first class tar-bound or concrete roads compared 
with some 176.000 in Great Britain, and yet there are only about 2,000,000 automo- 
biles m Great Britain, or roughlv one for every 20 persons 

Thus there is a great need for many more miles of roads in the U.S A fit for 
motor traffic, but as the cost of construction in tar-bound macadam would be prohibi- 
tive, some method had to be devised whereby a cheap durable road could be built 
The solution to this problem has been found in the stabilised road, and thanks to valu- 
able experimental work bv the Dow Chemical Company, and the U.S A Highways 
Research Board, and large-scale trials by the State of Michigan, a satisfactory tech- 
nique has now been worked out, and the stabilised road is being developed rapidly, not 
OnU in the U.S A. but also in Canada and Sweden. 

The stabilised ro3d is cheap to construct and cheap to maintain, the cost being 
on an average about 1/20 of that of a first-class tar-bound or concrete road. 

(h) Underlying Principles of Road Stabilisation 

Sand or gravel when dry has no cohesive properties, and clay when moist, ha« 
no Strength although sticky. On the other hand, moist sand or gravel is coherent, and 
dry clay hard and strong. If, therefore, a suitable gravel-clay mixture be chosen, it 
should be possible to use it as a durable road material so long as its moisture content 
is maintained at the optimum level for maximum strength and coherence 

Calcium chloride is the agent, by means of which it is possible to maintain the 
correct moisture level. The broad principle underlying the construction of a stabilised 
road is to mix gravel with the existing road material if the latter be too clavev, of to 
mix clay with it if too gravelly, and in cither case to incorporate calcium chloride in 
the mixture 

The mixing must not be haphazard, and very careful preliminary analysis of 
the sod of the district are necessary' to enable the highway engineers to determine how 
much gravel and clay are required to bring the gravel-clay ratio to the most suitable 
value for the district. 

As ideally stabilised wearing course may be described as one that will give 
Proper support to wheel loads, will not become slippery and rutty in wet weather, and 
vnll not ravel or become dusty in dry weather. Such a wearing course is composed 
of a mixture of coarse aggregate, fine aggregate, silt, clav and calcium chloride in 
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proper proportions, and in quantities that will provide all-weather stability. The ag- 
gregate should be embedded In the soil-mortar, leaving the surface smooth with a 
mosaic appearance and practically free from Heating material 

The functions of the various components of the road surface are ; — 

(i) Coarse Aggregate : — Screen sire to be coarser than No 10 sie\e, 
(U.S. Standard series). Stone larger than J inch should be _ ranked out. of the top 
surface to facilitate blading The ingredient contributes rigidity and high internal 
friction, and adds to the mechanical stability of the road surface. 

(ii) Coatse Sand, screen sire-through No 10 over No 40 sieve. Serves the 
same purpose as coarse aggregate Helps to loch the coarse aggregate to place. 

(iii) Fine Sand, screen sire-through No 40— over No 270 sieve. Fills 
voids in coarse sand. Non-expansivc ingredient 

(iv) Sift, has high capillary properties Serves as fl reservoir for calcium 
chloride, contributes but little to rigidity of road surface Fills voids in fine sand. 
Expands when moistened Has no cohesive properties or toughness 

(v) Clay, supplies cohesion or toughness. Has expansive properties. Fills 

voids completely making road surface impermeable Serves as a reservoir for calcium 
chloride. J \ » sifSl 

(vi) Calcium Chloride, tends to maintain the moisture in the road surface 
at an optimum content which maintains the toughness of the road. It is driven into 
the road surface by rains, reappears at the surface by capillarity in dry weather 
Reduces evaporation and attracts moisture from the atmosphere. 

(c) Methods of Construction of Stabilised Roads, 

It is not proposed in this report to go in detail into the methods of construction 
What follows, is condensed from various sources of information, which are listed at 
the end of the report 


The first step is, by analysis, to determine the amounts of sand and gravel and 
clay to be added to the sub-grade soil, or to the existing road surface 

Work is commenced on half-mile sections at a time and after scarifying the 
surface, all loose material is windrowed so that it forms a pile 8 to 12 feet wide down 
the centre of the roadway The new material required, (except the clay), is then 
spread on top of the pile so as to bring the total quantity up to about 1,000 cubic yards 
per mile This quantity when stabilised will produce a wearing course 3 inches deep 
and 20 feet wide The stabilised layers should never be less than 3 inches in depth 

The calculated amount of clav is then spread uniformly over the surface of 
the loose material, and as it dries it is pulverised by manipulation and rolling When 
the pulverising operation has been completed the materials are mixed in the usual way 
by blading and harrowing 


Flake calcium chloride is then applied uniformly at the Tate of $ pound per 
square >ard per inch of thickness with a maximum of 2 pounds per square >ard 


The mass is thoroughly mixed by blading, and after mixing is windrowed again 
on to each shoulder of the road The central portion of the road is now uniformly 
^P'Jtcned with water and some of the material from the shoulders bladed on to it 
JP"* “ *n turn moistened and covered, and so on, until all the material on the shoulders 
has been distributed and a crown of not less than i inch per foot established. 


Traffic is allowed over the bladed material all this time fie, after the calcium 
chloride has been mixed in) and when all the material has been placed, the surface 
IS smoothed and traffic allowed to continue the consolidation process far from 24 to 4R 
hours, after which it should be complete 
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Some authorities delay the adtb Jon of calcium chloiidc until the road surface 
is completely established The flakes aic then spread over the surface and left to 
absord moisture and soak into the nod metal In general, however, it has been 
found more satisfactory to incorporate the .calcium chloride in the mix, as described 
above, rather than to depend on pcrcol ition to carry the salt into the wearing course 

(d) Quantiles of Calcium Chloride Required. 

As described above, the quantity of calcium chloride to be used is of the order 
of J lb per square >ard per inch of thickness with a maximum of 2 pounds per square 
\ard This amounts to about 10 tons aer mile of road 20 feet wide. If the road 1J 
constructed in late summer or autumn this quantity may advantageously he reduced to 
about 8 or 6 tons per mile 

( d ) Quantities of Calicuiu Chloride Required. 

Whenever the roadway loses its crown and smoothness, it should be re-shaped 
by blading from the edges inwards, in a manner that will gather the loose materia 
from the shoulders, cut off the high places and fill in the low 

Hake calcium chloride should be added as required to maintain the £? rrc 5 :t 
moisture level Under normal climatic conditions and normal country-road traffic the 
quantity required varies from one to two pounds per square yard per annum, i e. t from 
5 to io tons per mile of ao feet width 

As a rule, blading is necessary oily a few times each year. 

(f) Durability of Stabilised Roads. 

The stabhsrd surfaces do not disintegrate during heavy rain; and whilst the 
first rains cause the formation of a thin, inuddv surface laser, ageing causes this con- 
dition to decrease The geneial opinion is that this disadvantage is negligible in 
comparison with the benefits conferred b\ stabilisation 

(g) Cost of Construction. 

In Oakland Count>, Michigan, some 70 miles have been stabilised and the 
average cost per mile of 20-feet width has been as follows (data from “Roads and 
Streets", 1935, 78, 209) — 

Cost of gravel . . . . £ 180 

Cost of other materials, labour and equipment .. £ 152 


Total £. 353 


This is a high cost, owing lo the large usage of gravel and the fact that long 
haulages were nccessar> to bring it to the site of operations 

On the other hand, another length of stabilised road constructed in Michigan 
was far cheaper, the costs per mile of 20 feet width being as follow : — 


Con of materials (including calcium chloride 

at £4 G per short ton). .. .. . . £ 13 

Co it of labour, etc. .. .. .. . . . £ 

Total £ 77 


The main reason for the lower cost was that the gravel was on the site, and 
the clay cost about 3d per cubic vard, ai against 7/6d in Oakland Company. 



For the purpose! of compari«on, it it of inWe«t to r't'" t 1 it t’ - rr.tt «. t 
construction of concrete, or tar iRir-nfcn nnt’* i» of t) e rn!-r of £!>/>v) j^r r- *- t r f 
20 feet width on existing foundation*, ar J the figurr ran ri* r at high at £|fl/ v Y) f«» T 
mile) if it i! necessary fint to prepare fo’.ndation illoidi and Hoad C'v- >tr t* i i 
Handbook. “ The Concrete Journal “). 

(A) Cost of Maintenance. ’ 

For the Oakland Co rot cl it s. r.-rr’ -r to 1 'vie the turfare S tn« a 
year and to appl\ 8 ton* of calcium chloride j t i .'r »n all The avenge co»t for 
18 miles of road, worked out at £61 per mile |vr ii i u 

171. EFFECTS OF CALCIUM CHLORIDE O.V RO \D USERS 

There ii no evidence to show thal calculi i rIAoiid- as u»ed on road* u Inrm* 
ful to the hooves of animals, nor dors it damage leather and motor t)rrs, tennii 
balls and rackets, nor corrode metal wefk It u advisable for those handling the 
solution or solid to wear rubb-r gloves as prolonged Contact with solutions containing 
calcium ions gives rise to characteristic son lesions 
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APPENDIX 4 TO ANNEX 0. 

Speech by Mr. W. A. Radice at the Business meeting of the Indian Roads 
Congress held at Lucknow in February 1937 

In 1928 the Indian Road Development Committee, in recommending the for* 
mation of a Road Conference, suggested that some of the subjects, it might discuss, 
might include • — • 

1. The classification of roads for the allocation of grants from Central 

Revenue. 

2. The co-ordination of road programmes 

3 The co-ordination of road development with other svstem of transport 

4 Technical questions relating to the construction and maintenance of roads 

and bridges and road research 

5 The taxation of road transport 

6 Motor regulations 

1. Sfafixtier and intelligence 

No doubts can be entertained regarding the vital importance of items 4 and 7 
t® a country needing a large scale road development programme but having insuffi- 
cient funds Yet all attempts made b> the Road Conference to implement these 
proposals have so far proved sterile In addressing \ou, it is m> purpose to attempt 
Jo analvse the causes of failure and put liefore vou proposals which I believe would 
effective. 


No matter how great arc the benefit* of decentralisation in administrative 
and executive matters, there can be no decentralisation of scientfic knowledge and 
*ound technical standards The collection, sifting and codifving of road technics 
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and practice must, of necessity, be a centralised activity. It is also unnecessary for 
me to try and convince you of the important economic results both in time and 
money resulting from the ready availability to all road engineers of up-to-date 
general specifications and reliable information -on technical results and practice all 
over the world. 

Perhaps a review of the^ methods successfully adopted by another department 
in tackling a similar problem may help to explain the thesis I am trying to develop. 

Before the management of the East Indian, the G. I. P. and the Burma 
Railways was taken over by the State, the administration of most of the Railways in 
India was vested in the Boards of Directors of the various Railway Companies and 
over these government had not direct control. As now for roads, there existed for 
railways, in the period after the Great War a strong body of opinion that important 
savings could be gained by means of technical centralisation and the setting up of 
standards. Things were brought to a head when the growth of traflic and the 
demands of economic working' produced ever increasing aide loads and the country 
was faced with a vast programme of bridge and permanent way renewals involving 
the expenditure of well over a hundred crores. 

Just as in our own case, every administrative unit had its own technical ad- 
visers and executive and these often held irrecoicilable views Fortunately, for the 
country at large there was one existing and over riding power; the Government of 
India had assumed responsibility for the safety of the travelling public and in discharge 
of its responsibilities, it had powers to impoje certain minima standards on all rail- 
ways These powers had been exercised by means of a set of rules governing the 
opening of new lines and the taking into use of new structures. 

Unless these rules were strictly observed. Government could refuse to pass as 
safe for traffic any structure or line 

Apart from the restricted scope of their application, these were only rules, 
not specifications or established standards. Something more was needed A begin- 
ning was made by summoning the Railway Bridge Engineers of India to annual meetings 
to discuss and advice government on changes to the rules, urgent technical 
problems and subjects for research wo ' ' T ' 

of Bridge Engineers were circulated to 

technical advisers and the answers tab 11 

work was done and the country gained 

displayed by the members of the Bnd , , 

was scored was chiefly due to the absence of any compulsion on the various adminis- 
trations to adopt the recommendations By these means pertinacious opposition was 
avoided both in the Committee^ itself and outside of it with the result that valuable 
Codes oS Practice cam* into ruttcrae avulafcfte to all -who cared to read. 

Later, when most of the Indian Railways came under State management, the 
Committee of Bridge Engineers was replaced by a Standards Committee 
consisting of Engineers from all railways whether State managed or not 
This Committee could be summoned at intervals to examine and make recommen- 
dations on every technical problem requiring solution A permanent Controller of 
Standards with adequate assistance and money grants was appointed to implement 
such of the Committee recommendations as were acceptable to Government, to draw 
up specifications, to set up standards for all types of equipment and to conduct 
researches into questions where the available knowledge was insufficient The out- 
put of this organization is now binding on all State'managed Railways Administrations 
This arrangement has been working for 6 and 7 years and the results have not only 
saved the country literally crores of rupees but have also provided a focus for the 
best technical brains in the service. 


In the case of roads, the country is faced with a similar problem The Road 
Lonlercnce has been set up and financed by the Petrol Tax and a considerable pro- 
road development is in course of preparation and execution. The ex- 
• ie Report of the Indian Road Development Committee quoted by me 
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as preface to these remarks and its acceptance by Government gives us sufficient 
assurance of official recognition of the importance and value of research and 
standardisation. 

This Congress, effectively representing the opinion of this country’s Road 
Engineers, undoubtedly is of the same mind. Without funds or staff it has already 
laid down a series of definitions, a tentative standard or so, a standard specification 
for the design of road bridges of concrete and steel and will shortly consider wav and 
means of undertaking a research into the impact effects of road traffic on bridges 
and road surfaces Had it means and personnel, it would have gone even further. 
There can be no doubt, therefore, that the cr>ing need for and the advantages of 
research and standardisation is recognised by all road interests and governments. 

What we are asking ourselves, therefore, is, why this urge has produced so far 
so little. 

Let us examine what has been tried. The Government of Tndia created the 
post of Consulting Engineer for Roads to government Commtttees of Chief 
Engineers of provinces have been summoned, but as might have been expected, 
immediately a consensus of opinion bv the highest responsible officials was sought, 
considerations of the special conditions existing in each province and their respon- 
sibilities to their separate Provincial governments and their obligation to protect their 
particular interests predominated and unanimity became impossible, except in a few 
minor instances. It is with these discouraging results before him that. I think, the 
idea of creating the Indian Roads Congress germinated in Mr. Mitchell’s mind. I 
may be wrong and I am open to correction but whether wrong or right the fact 
remains that h> the creation of the Indian Roads Congress a weapon has been forged 
which, in my opinion, will cut a wav through the obstacles impeding progress. I 
will give jou the reasons which have led me to this conclusion 

When they meet, the members of . this Congress come together as Road 
Engineers, not as representatives of a province, a state or a firm Their opinions 
on technical matters are binding on no one; thev need not be primarily influenced 
by the guardianship of the interests of theic particular emplovers but can serve the 
inexorable logic of known scientific facts and sound engineering experience and 
judgment. Thev are in the unique position of being, for the time, responsible to 
no one except to their own individual professional consciences because their expres- 
sed opinions svithin the Congress can onlv give birth to a corporate opinion binding 
nobodv to anv thing At the same time, owing to the verv nature of the member- 
ship of the Congress its corporate opinion has great weight and influence through- 
out the land Here then is the body that can carry out research and standardization 
and produce authoritative results. 

Should my views carry conviction, the next consideration I would put before 
>ou is the important matter of wavs and means Research and Standardization 
require money and permanent staff and these the Indian Roads Congress has not got. 
The Congress can, as government did in the case of Railways, appoint select Com- 
mittees from iis members to discharge for roads the functions that the Railway 
Standards Committee has discharged and is discharging for the railways, but in 
order to implement their derisions thev need funds and a permanent Road Stan- 
dards' Office staffed b> a suitable Director and assistants To the Road Standards’ 
Office could be made available all technical in'armation available to the Central 
and Provincial governments and the temporary services of experts in other depart, 
m-nts in an advisory capaeuv In stew of the general state of puollc and official 
opinion, it would not seem an insuperable task to induce the Government of India to 
accept the thesis that the value of the labours of such an organization would 
be sufficiently important and effective to warrant charging its cost to the Road Fund. 

Mv proposal, therefore, is this— That the Indian Roads Congress should apply 
to the Government of India for official recognition that thev are the best available 
means of implementing items 4 and 7 of the Indian Road Development Committee’s 
Report of 1928 and that it should invite the Congress to table proposals and an esti- 
mate of cost of a programme of work extending over a series of scan to be carried 
««* ur, ° rr 1116 control of the Consulting Engineer to the Government of India 



APPENDIX 5 TO ANNEX C. 

Extracts from minutes of proceedings of the Second Meeting of the Council 
of the Indian Roads Congress held at the Municipal Hall, Lucknow, at to a.m . on 
Tuesday, February 23, >937- 

The Council considered and adopted the report ol the Technical Sub-Corn* 
mittee (Appendix I) subject to the following comments and instructions: — 


In connexion with the Sub-Committee's recommendations for the tests to be 
carried out on the test track, which were accepted, the Sub-Committee was instructed 
to consider what research, whether on a test track or otherwise, is possible in con- 
nexion with the effect upon water-bound macadam of mechnical transport and 
particularly the feature of corrugation. 


ANNEX D. 

Minutes of pro'- 'dings of Technical Sub-Committee of the Indian Roads Congress held 
at Hyderabad (Deccan), on 31st December, 7937. 

Present. 

Mr. S. G. Stubbs, O.B E., President of the Congress in the chair 

Mr. L. B. Gilbert. 

Mr. R. Trevor-Jones 

Mr. C. D. N. Meares. 

(Colonel G. E. Sopwith was invited during the discussion of items (1) and 
(3) of the agenda). 

Mr. Jagdish Prasad, Secretary. . 

(1) The Committee considered Colonel Sopwith'* criticism on the proposed 
code of practice for bituminous work and after some discussion came to the conclu- 
sion that the matter may be discussed again tomorrow. 

(2) The Sub-Committee considered the suggestion of the Railway Board re- 
garding all-India standard of width of combined road and rail bridges and decided 
to inform the Railway Board that the Committee feel that the minimum width of 
roadway between curbs should be 20 feet as laid down in the Indian Roads Congress 
bridge specification but before expressing their final opinion on the matter they 
would request the Railway Board to intimate the additional cost involve*^ in increas- 
ing the clear road-width to 20 feet instead of 18 feet and 14 feet respectively where 
road is^ carried above or below the railway. Where road has to be carried outside 
the main girders at the same level as the railway, the clear roadway should not be 
'ess than 10 feet and facility should be provided for passing bays at intervals not 
greater than 300 feet. 

(3) Regarding Colonel Sopwith’s suggestion that tests on Alipore test tract 
regarding the performance of chips in surface dressing should be carried out using 
tar, the Sub-Committee decided to carry out these tests over a length of 100 feet in 
the middle of each straight length of the track, using 45 pounds of tar per 100 
square feet and the quantity of chips as specified for bituminous work. 

(4) The Committee considered the opinions of various Automobile Associ- 
ation regarding the distance at which road signs should be placed from the point 
01 danger and decided that the norma! distance should be a furlong and the mini- 
mum distance should be 400 feet, as originally suggested 
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(5) Regarding the Indian Roads and Transport Development Association’s sug- 
gestion to classify the roads according to the weight they can carry, the Committee 
decided that in view of Mr. K. G. Mitchell’s paper which was to come for discussion 
at the next Congress meeting, the consideration of this question might be left till 
after that paper had been discussed. 

(6) The Committee considered it desirable to lay down standards for vertical 
curves, sight distances, gradients, etc , through the medium of the code of practice 
on road work The Committee considered the following standards suitable • — 

(«) Ruling gradients — 

for Plains roads 1 in 30 
for Hill roads 1 in 20 

Maximum gradient 1 in 15, in stretches not exceeding 300 feet. The 
gradient at curves should not exceed 1 in 30 and it should be flat at hairpin bends. 

(ft) In the case of vertical curves the maximum gradient should be 1/30 
used over a horizontal distance not exceding 200 feet, and the rate of change of 
gradient should not exceed 1/100 per hundred feet measured horizontally, and the 
summit of the curve should be made horizontal for a distance of 100 feet. A sight 
distance of about 550 feet will be thus automatically provided 

(c) Radii of eurvt. 

Minimum radius of curves in plains roads 1000 feet 

Minimum radius of curves hill roads 50 feet 

The question of widening and super-elevation to b« considered later and in- 
corporated in the Code of Practice for road work 
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APPENDIX ID 


REPORT 

OF THE 

TECHNICAL SUB-COMMITTEE 

TO THE 

Council of the Indian Roads Congress 

FOR THE YEAR 1938. 

{Considered and apptovrd by the Council vide their resolution 
No. C. dated 1 7~2-J0) 

We met on the 12th February, 1939 to consider the following agenda: — 

(l) Mr. Mt'iues suggestion leg u ding experiments on haso stabiliza- 
tion. (Meimirunoum attached— Annex E, page 3S) 

(j) Clussificmon of loads ( Memorandum attached — Annex F. 
page 3S) 

(3) Further expeiimcnts to be carried out on the Test-track (Memo- 
randum attached — Annex G, page 45) 

(1) Ftandaidisntion of milestones and height and gradient posts 
(Memorandum attached — Annex H , page 48) 

(5) Question of printing the data regm ding important road bridges 
m India winch 1ms been collected from the Province* and 
ceit.un states. (Memoi nudum attached — Annex I, pafi® 49) 

(6) Cei tain papers on road construct! »n bv beat treatment using 
a special machine invented by Mr. Irvine (Annex J, page 49) 
for information 

1 Werepoit: — 

fj) Where suh-grjjda condition 1 } are such that maximum consolidation 
at optimum momture content has been achieved, the inner road 
crusts will pronably >-erve to cany the tiaihe. But local hammer 
action of occasional severer loads ma\ pulvenze the suiface of 
the sub-giade, and in couise of time lead to separation b> the 
fm mutton of u Inver of du-t; and break down. 1° such cases 
sub-oiling ” ina> proient pulvem&non. Mr. Stubbs bus 
agieed to tiy this wheie the metalled stnfuce is being widened 
ovei he ini' that have been very well consolidated and wo recom- 
mend that it he tried exi'erimeMallj in small lengths in places 
where ihe cost of soling makes it worth while to adopt special 
mt-iisine-c for &uh-gr.ide> consolidation or the sub-guide is excep* 
timmllv g< od and soling is omitted. 

(2) We consider that the process of growling from below with “otled 

hoggin" ij aiiuulnis ni»> le had firni the Secietary of th 
Congress on application) might Le tried in small lengths, in 
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conditions whole surf, ice painted water-bound breaks down 
through failure ot the mum ciust. 

*2. We recommend that if a uniform classification of roads is necessary 
the following would be suitable — * 

(i) According to source of funds for up-keep— 

Government 

Local 

(ti) Accord mu to importance — 

* I — Trunk roads or those connecting important towns 

II — Mum roads of lesser importance than Class I 

III — Other roads fit for vehicular tiaffic 

IV — lloads not fit for vehicular traffic. 

V - Bridle tracks. 

(m) According to the degice of mteiruption to traffic due to inadequate 
movision for cross-dr.ain.ige— 

.1 — Budged and diaiued thiougliout 
B— Subject to slight mteuuption dui mg the lams 
C — Subject to serious interruption oi stoppage duung 
the lams 

(in) According to whethertho -uif.ice u metalled or not 
If — Metalled 
U — Unmetalled 

Example a 

Government I A (M) 

Local II B (XI) 

Loci III 0 (U) 

Government IV A (U) 

3. We have recommended a future programme of tests to bo carried 
out on the test-track. We have proceeded on the assumption that the first 
nped is to investigate inexpensive surface treatments of macadam for rural 
road conditions. Reports will he issued as results are obtained 

4. We do not consider that any geneial standardisation of milestone 
is necessarv or possible We propose that the Secretary should circulate 
drawings of one or two suitable types for adoption if desirable, on new roads 
and for replacements when necessary Wo do not consider that it is 
necessary to show elevation above sea-level generally. On ghat or hill 
roids this ran ha shown on milestones in the most convenient way on any 
particnl «r type (« a- “ R U 6120 ” in red) We do not consider that it is 
noe w ssarv to indicate gradients except where they exceed 1 m 10 and in such 
cases this can bo done on a definition plate under the “ 6teep hill” sign 

5 We do not adnee that an* expenditure should he incurred on 
printing and circulating the cost and other particulars of bridges recently 
collected until a fen have been reproduced m “Indian Roacs” and 
members pan judge of the value that a book of particulars of sav 100 
bridges is likely to be 
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(1- Tlio othnr inomliont of tlio Commit too with to congratulate 
Mr. (itltmmv nml Moists, Son Gnptn ami Ohowtllirv on tlio excellence n( tlio 
deaijjn of tlio t<<st>ttuck equipment which it largely original nml tlio lay-out 
Remnally, nml wo comstdrr limt iho thunks of tlio Cnnfpesn mo duo to tliom 
for tlio immense amount of troulilo tliev Imvo tnkm. In thin class of work 
ndjuatmonta nml iiiiptovi'iiirntn iuc nlvvajs necessary in tlio emly f-tngch 
Imt in tins oftM', that scoiih to lm tnoro neergvni v in tlio pivpnrntion of 
snmples for testing than in tlio testing equipment itself 

7. A. copy of Ltai minute* of our meeting held on tho 12th hobrunry, 
1939 n& nppiovod nt a meeting hold on tiio I it th Fohnmtv, 19119 nro 
appondod for morn (totalled tofotonco (Annex K, page fift). 


\NNI2X 12 

To tht Tfthni>'nl Snb>Committr*‘i lit port. 

In tm Irttor of the 2Sth Janunrv, IMS. n copv of vshich was supplied to 
Members of tho Sub-Committer with im Irtlrr No, IRC 11 third the 2Sth February, 
IMS, Mr. Mc.ucs suggested that the Oov eminent of India might assist in carrying 
out nn experiment mine; n l,i)/r o] oil-hrmtid fitbr underneath the coat of stone 
metal when cai r> ing out water-bound consolidation with n view tt» subsequent sur- 
face treatment. Hi's Idea was that the me of oil-nabnixed-fines in this manner would 
result in n strong impels ions rrmt nt an extra cost of only Ri HA to Rs. 4 A per 
Imtulred squaie leet. 

The Consulting P.iigineer to the Government of India (Roads) expressed his 
inability to nriunge (or a speeial grant for this rxpcrinirnt and, ns desirrd bv him, 
the advice of the Technical Sub-Committee was sought. Mr. Stubbs, however, 
agreed to tarry out some experiments in the Punjab. He has slnee informed that 
the cost of * tub-oiling ’ is higher than the cost of 1-lneh tar carpet and has diseonn- 
nhed further experiments 

The suggestion of Mr. Mrare* is now placed before the Sub-Committee for 
arrising nt n final decision. 


ANN11X V 

To thf Ttrbnifnl Sub-Committn't Rtpotl. 

At its meeting held at Simla on dir 20th August IMS, the Technical Sub- 
Committer considered the question of uniform classification of roads and Keeping in 
view the necessity of classification which could be easily understood nod could be 
conveniently referred to in nil official correspondence and in schemes submitted to the 
Standing Committee for Roads, sledded to classify roads as follows: — 

(I) According to sourer of funds for up-kccp 

Provincial 

laical 

Military 

(II) Accordingly to Importance. 

I — Trunk roasts or those connecting important towns. 

II— Main roads of lesser importance than Class I. 

III — Other roads fit for vehicular traffic. 

IV— -Roads not fit for vehicular traffic. 
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(iil) According to the degree of interruption to traffic due to inadequate 
provision for cross drainage. 

A — Bridged and drained throughout 
B — Subject to slight interruption during the rains 
C — Subject to serious interruption or stoppage during the 
rains 

(iv) According to whether the surface is metalled or not 
M — Metalled 
U — Unmetalled 
Examples 

Provincial I A (M) 

Local II B (M) 

Local ' III C (U) 

Provincial IV A (U) 

When minutes of the Committee’s meeting were circulated to Members for 
confirmation, Mr. Meares suggested for reasons given in his letter dated the 5th 
October 1938 (Appendix A, below) that the following classes might be substituted for 
classes III and IV : — 


III — Other roads fit for motor traffic 

IV — Roads not fit for motor traffic 

Messrs. Stubbs, Trevor Jones and Arifuddin accepted the amendments pro- 
posed by Mr Meares. Mr Trevor Jones, however, suggested that a category for 
pack transport is essential and should be 

“V — Hill Roads suitabtc for pack transport ” 

Mr. Mitchell’s views (Appendix B, page 40) are now placed before the Sub- 
Committee for consideration 

The Chief Engineer of the North-West Frontier Province, has again stretched 
nccess'ty of following Major Lang-Anderson’s classification (Appendix C, page 40 
which h?« since been accepted by the Militarv Engineering Services The Sub- 
committee may wish to reconsider this 


APPENDIX A TO ANNEX F 

. Copy of Utter dated the 5 th October 1918 , from C.D .V Meares, Esqr., C/o 
Standard Vacuum Oil Company, 8 , Church Lane, Calcutta to the Secretary, Indian 
Roads Congress. 


Subject — Minutes of the meeting of the Technical Sub-Committee of the Indian 
Roads Congress held at Simla on the 29th August 1938 


I have the honour to acknowledge the receipt of your IRC 11 dated the 23rd 
September 1933 forwarding the minutes of the eichth meeting of the Technical Sub- 
committee held at Simla on the 29th August 1938 

2. I have pleasure In confirming these minutes, subject to the comments 

nersnndcr ; 
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3. Under the classification of Roads, Classifications III and IV both contain 
the word “Vehicular”. I would point out that this term may lead to confusion, 
as some authorities ma> classify roads as fit for \ehicular traffic when in point of 
fact the vehicles they have in mind are bullock-carts Many such roads passable 
to bullock-cart traffic are quite unsuitable for motor traffic, and as the object of the 
classification is principally with a view to uniformity of nomenclature for motoring 
purposes, I would suggest that these two classifications be altered to read : 

III— Other roads fit for motor traffic. 

IV — Roads not fit for motor traffic. 

4. If this amendment is adopted, it leaves no classification for hill roads etc., 
suitable only for packed transport but I do not believe that any special mention 
should be made of these. 


appendix r to annex f 

I incline to agree with Mr. Meares but with the exception that I take Class IV 
to be pack-traffic roads and as such unfit for any vehicular traffic. . 

The difficulty could be met by sub-diriding Class III into roads fit for motor 
traffic and those fit for cart traffic onh. It is extraordinarilv difficult, however, to 
draw the distinction and if a road is unmctalled and just alluvial soil it may be 
quite good for motor traffic at certain seasons but nearlv. if not quite, impassible at 
others If it is in moorum or some such material not quite “metalling” it may be 
reasonably passible at all times. The solution is to add to “ (iv) according to 
surface ” 

‘ M— Metalled. 

U.A — Unmetalled but normally haring a surface suitable for motor 
traffic except after heav\ rains. 

U.B.— Unmetalled 


K. G. MITCHELL, 
25-11-38. 


APPE-VWX C TO ANNEX F. 

Copy of letter No. 10664 P*M Wayo/IN., dated Peshawar, the agth October, 
*938, from A. Oram, Esqr., Secretary to the Government of the North-West 
Frontier Proriner, Public Works Department, to the Secretary , Indian Roads 
Congress, C/o. Department of Communications, New Delhi. 

Subject: — Minutes of the meeting of the Technical Sub-Committee of the Indian 
Roads Congress held at Simla on the 29th August, 193S 

Reference: — Your No. IRC 11, dated the 23rd September 1938. 

. With^ reference to para (2) of the Minutes of the proceedings of the 
eighth meeting of the Technical Sub-Committee, I forward herewith copies of: — 

1 TW* Office No. 2756 P.W., dated the 1st May, 1934, with Note. 

2 C 193S EnS5neer Northern Command No. CRNC/3406/E 2, dated the 18th May, 

^ Northern Command letter No. CRNC/3406/E 2, dated th« 28 th 



41 


from which it will be seen that detailed proposals for the classification of roads have 
been made These proposals have been accepted by the Engineer-in-Chief, Army 
Headquarters (India) for incorporation in the relevant M E.S. Hand-Book. 

It is suggested and strongly recommended that the method of standardisation 
should be settled in conjunction with the M.E.S. and on the lines suggested by 
Captain (now Major) Lang-Anderson, RE.. 


Copy of a letter No. 2756/P.W , dated 1-5-34, from the Secretary to Government, 
North-West Frontter Province , Public Works Department, to the Chief Engineer, 
Northern Command 

Subject: — Road Classification 

With reference to >our No 1240S/69/E . 2, dated the 17th March 1934, I 
have the honour to forward herewith a Note on Road Classification by Captain W. C. 
Lang-Anderson, R.E.. I am to say that I concur in the proposed method of classifi- 
cation which 1 consider is simpler and better than that forwarded under your above 
quoted letter which I do not consider is suitable for civil requirements. 


Note dated the 27th April IQ34, by Capjain W. C. Lang-Anderson, E.E., on 
proposals for road classification 


1 Object 

Three bodies are concerned in roads Firsth, the administrative authorities 
who decide the necessity of a road, its general alignment, and its general specifi- 
cation The latter should consist purely of a statement of the nature of traffic to 
be carried and an rstimxte of the quantitv of traffic The administrative authority 
is not concerned with any other details except the provision of funds 

Secondly, the Engineer who works out a detailed design for the road, in 
accordance with the instructions of the administrative authority, and basing bis 
design on past experience. 

Lastly, the road user whether he be a staff officer working out a convoy timing 
or a private person planning a pleasure tour 

In decidirg on a svstem of classifving road*, therefore, it is necessary to Con- 
sider who requires the classification and in what wav anv method of classification 
can assist him The object, in fact, is to convey information 

2 Information Required 

The administrative authority, except in its function as a road user, requires no 
information It lavs down the result n requires and leases the Engineer to produce 
that result The Engineer requires vers detailed and diverse information This 
information cannot be a mere number unless a very elaborate list of different types 
of roads is compiled 

The road user requires information on the following points only 

(nl The nature of the surface and ns capacity of standing up to the traffic 
under various climate conditions 

( b ) The width available for traffic 

(c) Any restrictions to traffic due to lack of bridges, steep gradients or 

defiles 

3 Types of RoaJi 

There arc, broadly speaking, four general types of roads 

(*) The mtlellei toed giving a hard running surface carried on a solid found* 
tion. It is capable of tarrying heavy vehicles in all weathers. Whether 



the surface has been treated or not is immaterial as a good water-bound 
macadam road is better than a worn-out treated road, and the existing 
state of repair of road cannot l»e shown in a permanent classification 

Further in a very few years all roads which arc metalled, will be 
providedwith treated surface. 

(6) The stabilised road of compacted single or a imx-in-plare mat. It is not 
provided with a built foundation, can carry fairly heavy traffic for a 
limited period in dry weather and only light traffic in wet weather. 

(e) The Katcha road consisting of the natural soil shaped and drained. It 
can carry only light traffic in fair weather and becomes impassable in 
wet weather 

( d ) The Pack Track, which whatever its surface whether on account of 
narrowness or grade cannot take wheeled traffic but only pack animals. 

All roads in the North-West Frontier Province come in one or other of these 
above classes. Further as far as can he foreseen, no new roads will be built which 
will not be in one of the above classes 

•1. Method oj Classification 

Classification it required i» respect of 

(<r) existing roads 

(6) new roads. 

As the milage of the former alwavs greatly exceeds that of the latter, the 
method of clasdlicaiion must primarily Ik: suitable for giving information about 
existing roads. 

Now to classify roads into say six different classes numbered Class I, Class II 
etc., has the advantage of simplicity, and makes for easy reference but it has the 
following considerable disadvantages : — 

(a) Unless the road u'er brows the meaning of the classes they arc unin- 
telligible to him and frequently he will not be able to obtain the information. 

(f>) The method tends to stereotype new construction into fixed specifi- 
cations Now the v erv reason for taking up the question of new classifications was 
that modem methods of road construction had out grown the old M. E. S. standards 
which rould not be used to describe the new roads. Such a state of affairs is likely 
to recur 

(<) The terms arc misleading In common parlance Class I and 1st Class 
are apt to get muddled. Tor instance the Tank-Dcra Ismail Khan Road would be 
called by the non-lcchnical administrative authority or road user, a first class road 
(a car can cover the whole length of 40 miles in under an hour) but actually it is a 
class III road. 

(d) It does not help the engineer, as the definition can only be rather 
vague and he must, in any case, have much more detailed information about his 
roads. 


<c) Lastly a classification in six classes will not exactly cover all the varying 
tvpcs of road in the Province.* 

, At the opposite extreme to a single number classification one can have a 
multiple number and letter classification, each letter or number denoting a parti- 
cular quality or deficiency in a road such as 

(а) Foundation 

(б) Surface 



(c) Width 

(d) Grades. 

(*) Bridges 

etc , etc. 

But while this might he of use to the Engineer, it would be unintelligible to 
the road user unless he had a table of references. Thus one wants a system of 
classification which 

(а) is flexible 

(б) contains terms which can be easily memorised and from which the 

intelligent road user can deduce all the facts he wants. 

The average road user must be assumed to be intelligent (one cannot cater for fools) 
and capable of judging for himself whether a road is suitable for his purpose pro- 
vided he is given certain information The information he requires is given in 
paragraph 2 above and it may be presumed that if he is given the type of road as 
described in paragraph 3 above he will know its suitability for his purpose. 

5. Method of Classification Proposed 

It is, therefore, proposed that the following classification be adopted. 

(a) All roads be classified into one of the four types given in paragraph 3 
as follows 

A Metalled 
B Stabilised 
C Kacha 
D Pack. 


(f>) Following the above initial letter will be a number indicating the 
width in feet of 

(«) The metal in metalled roads 

{The road user can assume a berm at least 4 feet wide on each 
side of the metal). 

(ii) The whole road in other cases 

(c) Fo'lowmg the width will come another letter indicating extent to which 
the road is bridged as follows — 

A Tully bridged for double traffic (18 feet or more) 

B Fully bridged for single traffic at bridges 

C Containing permanent causewa'* liable to floods of more than 2 
hours duration, or loads liable to breaches such as Tank-Kaur 
D Unbndged 

(Note : — A road containing permanent causewa) s liable to flood interrup- 
tion of less than 2 hours would be considered as fully bridged) 


Examples. 

Tank-D I Khan Road A & A 

Tank-Bannu Road A 9 C 

G T Road A 16 A 

If T Road A 12 C 

Kajuri Plain Roads B 20 D 

Nathiagali Road D 12 D 

C Cm/ Roads of Military Important*. 

The above system of classification permits o! a graduated increase in, o 
reduction of, the standard of a road's different factors For instance a C 18 1 


road can be impiovtd to a B 18 D road simply by adding a shingle surface or a B 8 D 
track can be improved to a C 12 D road by widening 4 feet, assuming grades are 
suitable. Again a metalled road, say A 9 C on which the traffic does not warrant 
the great expense of maintaining metalling can be reduced to a C 18 C road by 
shingling the whole width as the existing metal wears out, or an A 9 G road can 
be unproved to an A 9 B road by building 12 feet wide bridges 

Under a single letter classification the alteration in the standard of a road 
can only be from one complete class to another, a process which will not always 
be feasible. 

The variation of standard becomes of importance when one considers the 
relative requirements of the Civil and Military Authorities. The North-West 
Frontier Province Government does not require any particular system of classification. 
We know our loads, vve know our traffic and we know the economic conditions 
affecting our roads. But as the Military Authorities in some cases demand a stand- 
ard of road higher than Civil requirements some system of classification to indicate 
the difference is required. The proposed svstem allows of a higher standard being 
applied to a road by steps, and the financial effect of each step can be assessed. 

For instance the Local Government may propose to build a B 20 C road 
The military may demand that these should be 12 feet width of metalling thereby 
making it an A 12 C road. The difference in the cost of maintenance can be ' 
assessed and the military would pay their share of the cost, say 50^. Again on a B 
18 D road, the Military might demand single traffic bridges making it a B 18 B road 
The difference in the cost of maintenance would be small and the Military need 
contribute nothing towards recurring costs but might be asked to help in the initial 
cost of bridging. 

Thus the recurring cost of each step up in standard under the three parti- 
culars classified, fit. surface, width and bridging, can be calculated and tabulated 
The Civil and Military Authorities tould then classify all the roads according to 
their requirements and the difference could be immediately assessed. 

(Sd.) W. C. LANG-ANDERSON 
Captain, R. E. 

Executive Engineer and Personal 
Assistant to Secretary to Government, 

N.-W.F.P., P.W.D. 


Copy of a Memorandum No. CRNC/340G/E a, dated 18-5-1935, from Head- 
quarters, Northern Command, Murtee, to the Engineer-in-Chief, Army Headquarters, 
Simla. 

Subject: — Re-classification 0/ Roads 

Reference . — Correspondence ending with Headquarters N. C. No 12408/77/E 2, 
dated 27-6-34, addressed to the Q M.G. in India, Army Headquarters, 
Simla. 

Will vou kindR inform this office how the case with regard to the re-ciassi- 
ficauon of roads now stands 


Copy of a Memorandum No. CRNC./3406/E 2, dated 28-5-35, from Head- 
quarters, Northern Command, Murree, to the Chief Engineer, North-lVest Frontier 
Province, Public Works Department, Nalhiagali. 

Subject — ■ Rc-classification of Roads. 

Reference ' — Your No 001058 P. W. /490-W, dated 21-9-34, and correspondence 
ending with this office No CRNC./3106/E 2, dated 18-5-1935. 

.The classification has betn accepted and will be incorporated in the Hand- 
book n due course 
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ANNEX G 


Summary of suggestions made by the Provincial Chief Engineers for further tests on 
the Test Track. 

1. Chief Engineer, Bengal, suggests the following tests: — 

(X) Test of a water-bound brick metalled road of the standard usually 
adopted for district roads in the province The road would consist of one layer of 
first class or picked jhama brick solking, 3 inches in thickness covered by a single 
layer of jhama brick metal, G inches in thickness measured loose. The metal would 
he broken to a gauge varying from 3 inches to 1 inch in size. 

(2) Test of a water-bound stone metalled road of the same specification as 
(1) above, hut with the metal consisting of stone of the tvpcs most commonly used 
in this province, e.g. Pakur trap, local quartz, gneiss etc. 

13) Test of a water-bound laterite metalled road of the same specification 
uv tl) above but with the metal consisting of laterite nodules or pieces broken to 
about the same gauge as mentioned in (1) above 

(4) Test of roads of similar specifications to those given above, with the 
following — 

(<i) Half to be covered with a 2-inch bituminous carpet and 

( b ) Half to be covered with a painting of bituminous surfacing 

material. 

2. Chief Engineer, United Provinces suggests ■ — 

(1) That in order to ascertain the relative merits of different quantities of 
binder and chips experiments may be carried out using say 

(a) 56 pounds of bitumen or tar per hundred square feet with 5.G 
cubic feet of chips. 

( b ) 56 pounds of bitumen or tar per 100 square feet with 3 0 cubir 
feet of chips 

(c) 34 pounds oi bitumen or tar per 100 square feet with 4 cubic 
feet of chips 

(d) 34 pounds of bitumen or tar per 100 square feet with 2 2 cubic 
feet of chips 

If there is no objection parallel senes of tests with tar and bitu- 
men mav be carried out The specification recommended by 
the suppliers of the binder used should be adopted. 

(2) That a test should be earned out to ascertain the merits of an indigenous 
product known as DIGBOI bitumen compared to Spramex of similar grades The 
former bitumen has not vet placed on the market but is likely to be available in due 
«.ourse 

(3) That tests should be carried out to ascertain the rrlative wearing qualities 
of surface treatment on over-burnt brick ballast as compared to similar treatment on 
•n average quality stone. 

(4) If it is considered d*<irable, tests on various proprietory binders on* 
attaint the other mav be carried out und*r exactly similar conditions 

3 Chief Engineer, Central Provinces, suggests that the weanrg effects of 
different loadings and tyre-widths on water-bound macadam mav be tested at the Test 
Track with a view to find out : — 
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(fl) What damage^ will be done if the present permissible laden weight* 
of motor vehicles are increased and 

(fc) What reduction in maintenance could be ‘effected if each iron- 
wheel tyre of the common bullock-cart we’re to be 3 inches 
minimum width. 

4 Chief Engineer, Bihar, in addition to the experiment which the Technical 
Sub-Committee has already agreed to carry out on the suggestions of Mr. W. L. Murrell 
using a primer (i e. thinish binder like No. 1 road tar) and sand followed by a coat of 
thickish binder (like No. 2 Tar, Spramex or 105 Socony) and £ inch to f inch size- 
chips, has now suggested that as the cost of chips is high and that of sand, a good deal 
less, the second coat may be done as follows . — 

“ Only 70 percent to 80 percent of the usual quantity of chips to be used and 
these to be cv< lily spread on the 2nd coat of hot binder and rolled with a power 
roller 8 to 10 times so as to fix the chips thoroughly,' but not so as to cause crushing 
of the chips 

Sand, as clear and coarse as possible, to an extent equal to the 30 to 20 
percent shortage of chips plus 25 percent of its own volume, then to be spread evenly 
over the chips and well rolled. 

The surface to be opened to traffic immediately in cases where . hot binder 
has been used and after 36 hours where cut-back has been used as in the case of 
Socofix. 

It is thoueht that the sand matrix will give lateral support to the chips and 
prevent their being crushed so easily by bullock-cart tyres. 

5 Chief Engineer, North-West Province suggests: — 

(1) From the point of view of the North-West Frontier Province which 

has a large milage of painted roads, it is necessary to find out the most economical 

quantity of tar or bitumen and the best auantity of bajri to be used in surface 
dressing. Tests may be carried out on the following lines : — 

(a) Four gradings of bajri should be used, viz . : — 

1/8-inch to 3/8-inch 
1/4-inch to 1/2-inch 
3/8-inch to 5/8-inch 
and 1/8-inch to 5/8-inch 

(i>) Varying quantities of tar or bitumen should be used with each of 
the above gradings in succession 

(2) A similar test using broken metal in carpets or mats should be made 

with a view to ascertaining the most suitable quantities, gradings and thickness of 

the mats, particularly in respect of heavy bullock-cart traffic which is the traffic 
for which such mats are primarily necessary. 


6 Chief Engineer, Orissa has no suggestion but supports the views of the Sub- 
committee that types of construction which are inexpensive and commonly used 
should be tested first. 


7. Secretary, Sind Public Works Department suggests that tests to find out the 
relative merits of Quartz prophyry and limestone chips from Jassi and Kathar quarries 
respectively when used for surface dressing work may be carried out if tests with similar 
‘tones have not already been carried out on the test track. 


8 . Chuf Engineer of Mysore suggests that tests may be carried out to find out 
]*ves of pi a i n macadam, the same surface painted and bitumen premix 
m nnder the mixed traffic conditions of bullock -carts and motor vehicles 
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COMMENTS BY THE CONSULTING ENGINEER TO THE GOVERNMENT OE fN'DK 
(ROM)S), ON TIIE SUGGESTIONS OF:— 

Chief Engineer, Central Provinces. 

(a) The test tnicl it not designed for high speeds, and can give 
no direct information about motor traffic. 

(fr) The proposal it attractive and indeed it it contemplated that 
the width of tyres of test vehicle! can be varied. But the difficulty it 
that with ordinary cam on ordinary roads the width of contact may be 
much less than the width of the tyre and indeed almost a constant. On 
dusty water-bound macadam a wide tyTe may tave the road but on a 
clear surface the saving may not be noticeable. The experiment could 
be tried but there are other thing! more urgent. Moreover is there any 
great prospect of an increase in tyre sizes being practically possible ? It 
is by no means certain that the tractive co-efficient is not increased 

Chief Engineer, North-West Frontier Province. 

May be tried earl) But surface polish by motor transport has to 
be considered 

Chief Engineer, Bihar. 

(i) (o) and ( b ) for discussion. The size of chip depends on the 
quality of the stone, as well as on the binder. If also varying quantities 
of binder arc to be used there will be a verv large number of combina* 
tions. I agree as to the object but the full series may not be possible 
at present 

(ii) The relation of the maximum size of aggregate to the thick- 
ness of the carpet has been studied in many countries and is dealt with 
in te’tt books and standard specifications The proposal in its present 
form is too randam. The proposer should, I think, suggest in what 
direction or directions a departure from modern practice should be 
investigated. When this work is being done on a reasonably large scale 
variation might be tried on an open road and a more specific problem 
put to the test track. In these experiments it is desirable to have a 
i lore or less definite proposition to investigate 

Secretary, Public Works Department, Sind 

i The first thing is to get samples of the stone to compare with those 
te«ted Elementarv laboratory tests of adhesion can be made at the 
Test House. And if there is a problem for the track, a test can be made 

Chief Engineer, Mysore. 

It was established long ago on the Brunswick test track and is re- 
cognised as a general truth that the wear of water-bound macadam 
imd<r mixed traffic is far greater than the sum of the wear under each 
kind separately. The Alipore test track is not designed to reproduce 
mixed traffic The wear of water-bound macadam under bullock-cart 
traffic alone is no measure of that under-sized traffic because the nature 
of the stone is a most important factor I have no precise object in 
testing water-bound macadam but would be glad to discuss 

Chief Engineer, Bengal. 

I find the same difficulty with most of these proposals 
Chief Engineer. United Provinces- 

1 The amount of binder depends largely on the condition and 
nature of the surface being treated — but this may be tried 



48 


2. Can be tried 

3. Very necessary. 

4. Will came later. 

A programme for the next set of lists will be worked out after the 
Committee has discussed these comments. 


Copy of the letter No. 4684 Wks/ 38-3 dated, 23 rd January, 1938 . 

From 

H. R. Dogra, Esq., B.Sc., 

Chic! Engineer, P.W.D. (Geni , Bldgs and Roads) 

• Chrpauk, Madras 
To 

The Secretary, 

The Indian Roads Congress, 

C/o Department of Communications, 

Government of India, New Delhi 
Sir, 

Subject • — Roads — Test Tracks at Calcutta. 

Reference : — Your letters Nos IRC. 6 dated 4-10-38 and 22-11-38 


I would suggest that in the next batch of tests on the test tracks, tests with 
Pallavaram blue granite metal and chips be included, as these materials arc largely used 
for road works in and around Madras. One section of the test track may have a soling 
of granite stones and another with latcritc stones, to note the effect of the difference 
in hardness of the two soling material The required quantities of materials will 
be sent on further hearing from >ou. 

2. It is mentioned in a foot note under Appendix • A ’ to the specification 

that the trench to be formed for the track will be 12 inches deep to receive the 

soling and two coats of metal. The soling is to be 6 inches thick. It is presumed 
that each of the two coats of metal will be 4i inches thick before consolidation, 
and the 1-inch clay binding is to be laid under each layer of loose metal (4j inches 
thick) — to be worked up through the interstices by rolling. 

3 The specification mentions the use of 4-ton roller for rolling over the 

fine aggregate spread after the application of bitumen. Burmah-Shell generally 

advise the use of 8 to 10-ton rollers. I should think 8 to 10 -ton or at least 6 to 8-ton 
rollers are necessary for rolling over the granite chips 


ANNEX H 

To the Technical Sub-Committee's Report. 

The question of standardisation of (a) milestones, (b) signs to indicate 
altitudes and gradients together with principles to govern their erection, has been 
referred to the Government of India by certain associations and Provincial Governments 
The advice of the Roads Congress is necessary. 

. So far as Is known, there are no international standards for milestones or the 
ligns in question Gradients appear to be of interest only when they are exceedingly 
wvere say, steeper th?n 1 in 10 and such cases can be treated by the erection of 
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notice-boards or by ait explanatory plate fixed under Indian Standard Sign, Part B, 
No. 10 Height abo™ sea-level can he marked on milestones on a suitable part 
depending on the design 

The design of a height and gradient post as suggested by the Safety First 
Association of India W»H be found at Appendix I, and designs of milestone as used 
in the Punjab, United Provinces and Central Provinces arc at Appendices 11, 111 
and IV. 


\NNEX I 

To the Technical Sub'Committee’i Report 

At the Third fndian Roads Congress held at Lucknow in February 1937, it 
was suggested that it would be valuable to get out figures for the cost of road bridges 
built in various Provinces and States in the past few years on the basis of elevation 
area to bottom of foundations, the roadway width being separately stated. As it was 
thought that the information, would be of great interest and value in selecting the 
best type of bridge for a given set of conditions and as a guide in preliminary 
estimating, the info mint ion specified in the attached form has been collected from 
provinces and certain states in respect of about 90 bridges 

It is for consideration whether the particulars may be published in book form 
and made available io* sale. If some of the drawings are omitted or redrawn, it is 
estimated that the expenditure would be about Rs. 1,500 for printing 1,000 copies 
in which case the price of the book for sale to non-members might be Rs. 3/- net. 


ANNEX. 3 

A few points o f importance about the machine are : — , 

(1) 6 feet width is treated in one traverse of the machine. 

(2) Depth burnt is 2 inches to 4 inches according to soil 
( 4 ) Rate of burning soil is 40 feet per hour 

(3) At 850 degrees Fahrenheit moisture is all evaporated from soil Beyond 

HOO degrees Fahrenheit, fusion and cementation of particles takes 
place; 

1300 degrees Fahrenheit to 2500 degrees Fahrenheit are limits of 
earning on treatment; 

1700 degrees Fahrenheit is the average temperature used for black 
soils 

'51 Soils to be treated should ha\e a high clav content 

(61 The quantity of burnt material is not equal to rock or hard metal in 
durability (Deval Abrasion loss 14 to 27 per cent and specific gravitt about 2.0) 
tit ma\ be considered as equivalent to lateritel 

The machine » SI feet long. 6 feet 7 tnchts high and % feet vridt 
and weighs about 26 to 27 tons Cost £3,000 FOT Works (England) 

(8) Cost of heat treated roads (12 feet wide) in Auitralia Is about 700 
pounds per mile, (sinrie later of burning) 
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Proceedings of the Technical Sub-Committee meeting on the satk February. 
>939 a* approved at a meeting held on the 13 th February, 1939 . 

PRESENT 

Mr. S. G. Stubbs, O.B E , Chairman 

Mr. K G. Mitchell, C.I.E. i 

Mr. C. D. N. Meares. 

Mr. Syed Arifuddin 
Mr. J. A. Stein. 

Mr. E. F. G Gilmore 
Mr. N. N. Sen Gupta. 

Mr A. N. Chowdhry. 

Mr Jagdish Prasad, Secretary. 

1. Air. Meares' proposals regarding base stabilization, etc. 

Decided (1) That the effect of “oiling” (with asphaltic oil) the well 
consolidated berm sub-grade — upon which a wearing coat is being laid direct in 
the Punjab in the course of widening, will be tried by Mr. Stubbs. It has been 

found in the Punjab that the berms of old metalled roads a few inches below the 

surface have been superlatively consolidated (probably, in the ordinary course of 
nature, at optimum moisture content) and that for widening the metalled carriage- 
way no soling is necessary. The addition of an asphaltic binder will give that 

plasticity — as opposed to friability of the top layer of the sub-grade which is 

necessary to prevent the formation of an insulating and gradually increasing dividing 
layer of dust 

(2) Recommend that in ordinary macadam consolidation whether to be 
surface painted or not Engineers should try in. suitable small lengths the effect of 
laying the loose metal on a hoggin — asphaltic oil mix so as to get “inverted loaded 
grouting." 

2. Classification of roads — 

Decided. That it would suffice if in “ (ii) According to importance ” the 
words "motor transport” were substituted for the words "vehicular traffic” in III 
and IV. This to be done and the classification otherwise to remain, except for the 
addition of a class under " (ii) According to importance ” of " V Bridle Tracks." 

3 Standardization of milestones and height and gradicnT posts. 

Decided (1) That it would be a waste of money to replace all existing 
milestones by a standard tvpc and that no province is likelv to do this It will 
suffice to circulate copies of satisfactory tvpes for adoption on new roads and for 
replacement. 

(2) That normally, unless otherwise done already, as far as possible, heights 
above sea-level should be shown on milestones where there are considerable changes 
in level. 


(3) That it would be a waste of money to attempt to show gradients 
everywhere or even on long hill and ghat roads where they do not vary' much from 
the ruling gradient For safety and general interest it wall suffice to indicate 
gradient steeper than one in ten on definition plates affi - ed below the standard 
“ steep hill ” sign 

4 Question of printing data regarding important tool bridges in India. 

Decided . That a selection of half a dozen to a dozen sets of particulars be 
published in “ Indian Roads " in order to ascertain whether there would be any 
demand for a complete series 
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5. Papers regarding heat treatment of earth roads {The Irvine Road 
machine). The paper* were for information only. 

6. Further experiments to be carried out on the Test Track. 

Decided after a visit to the tract — That (1) after a few hours further 
demonstration run, the plant should be stopped and the whole track rc*rolled with 
a ten or twelve-ton roller. 

(2) The testing should then be resumed in the present wheel ruts with 
the present loading of the carts until destruction 

(3) Test samples about 6 inches by 6 inches should be. cut out (patch 
with a premia) immediately and at fairly frequent intervals until destruction, to 
determine the initial and subsequent breaking down of the chips by extraction of 
binder and sieve analysis 

(4) When the existing tracks or ruts have been so destroyed that the test 
cannot continue, the present test to be stopped and recommended on another set of 
ruts by adjusting the machinery. (It may be possible to run one machine only). 
The point at which the test is to be stopped to be determined by Messrs. Sen Gupta 
and Stein in consultation. If one or two lengths prove to be greatly superior to 
others it may be necessary to patch the ruts so as to allow the testing of the good 
sections to be continued for sufficient time to evaluate their superiority. 

(5) When a start is made upon new ruts (on one rail) the carts should 
be loaded to 2,000 pounds only until the tracks have surfaced up and the load 
should be increased later in the discretion of those in charge. On the other rail 
the same should be tried with sanding of the chips before the carts are laid on to 
see if crushing is reduced 

(6) Further tests The series should be continued of testing various chips 
with different binders as at present and, in order that there should be no doubt 
in comparison, the chip will be used with the same stone in the water-bound macadam 
course. For this it will suffice to cut out and relay with new material in four strips 
18 inches wide each Stones to be so. tested are those proposed by the Chief 
Engineers of Madras (one sample) and Sind (two samples) and any others proposed 

(7) The relative behaviour of the various chips should be compared with 
the ‘•ranking" of the stone by the Deval machine. 

(8) The varying of the proportion of chips to binder (U.P. proposal) and 
the use of sand to blind the chips (Bihar proposal) should come next 

(9) Thereafter the following to be tried out as convenient — 

(a) " — *■ ' ■ — J • -- — J wjtb binder and good chips, 

(b) • ■ ith a primer ’ if necessary and 

(e) i 1 1 ■ ■■ oaded asphalt grout ” painted 

(d) - • ■ . hips (The optimum size of 

1 . ■ ' ■ juality of the-. stone and the 

unit weight of the traffic It may be possible on the track to 
determine the optimum size of chips for different qualities of stone, 
but more results are necessars before it ran be said how far this 
will be useful). 

(el The effect of water 

UO) It is nrobabl) useless to test thin premix carpets of less than 2 inches 
consolidated But the comparator tests of representative specifications of premixes 
and grouts ma> be made 

(11) Later, cement concrete in different thicknesses and to different 
specifications can also be tried 

(12) If possible a monthly report on the work in the track and proposals 
for the next tests then contemplated will be issued to th- Technical Committee who will 
«end in any comments or criticisms they may have 



5-2 


APPENDIX IV. 


DISCUSSIONS ON THE RESOLUTION REGARDING RESTRIC- 
TIONS ON "RIBBON DEVELOPMENT"- 

[whtch took place on 17th Febi until 1939.) 


Iit.-Col. H. C Smith:— There is the irapoitant point which -Mr. 
Mitchell and also Mr. Trevor-Jones raised That is with regard to legisla- 
tion and the possibility of this Congress passing a resolution lecommending 
to Provincial authorities and the Indian States the dcsinvbility of passing 
legislation. I have drafted a rough resolution to which if this Congiess 
agrees a final diaft will be made and submitted to you after lunch- I will 
read out this rough draft: — 

Resolution : 

“This Congress, iu view of the evils of “Ribbon Development” on 
and obstruction of roads and the danger and obstruction to the 
growing road trathc which they cause and of the heavy cost of 
restoring an adequate width freo of obstruction, recommend to tho 
Provincial authorities and Indian States that immediate legisla- 
tion be undertaken to restrict this type of development”. 

If this meeting agrees to something on these lines, the final diaft 
might be submitted after lunch. 

Ml'. S. G. Stubbs (Chairman): — In regard to the proposal of Colonel 
Smith, the following resolution will be passed urging that immediate legisla- 
tion be undertaken. This iB the resolution:— 

“This Congress, in view of the evils of “Ribbon Development” on 
and obstruction of roads aud tho dangei and obstruction to the 
growing road tiafhc which they cause and of the heavy cost of 
restoring an adequate width fiee of obstruction, lecommend to 
the Provincial authorities and Indian States that immediate legis- 
lation bo undertaken to restrict this type of development". 

Have you any suggestions to make about this resolution ? 

Mr. G. B. Vaswani (Karachi) : — Will the woids “Provincial autho- 
rities" be taken to mean “Provincial Governments”? - Will it not be suitable 
to put tho words “encroachment on the developed land" instead of this 
type-of development"? 


Mr. S. Bashiram (Punjab) : — I do not think it is possible to gtte 
- immediately our considered views. - 


- Mr. S. G. Stubbs (Chairman): — Your resolutions should be framed after 
doe consideration by the Council. 



Mr. S. Bashiram (Punjab) . — It should be taken up tomorrow* 


Mr. S. G. Stubbs (Chairman) — I think perhaps it will be a wiser course 
if we all thought about it 

Mr. S. Bashiram (Panjab) . — I will further suggest that there should be 
a forwarding letter by the Council in which they can amplify the reasons 
underlying the resolution proposed. 

Mr. G B Vaswani (Karachi) — You may consider all these points but 
I think it will perhaps be better if we were given time to consider it, and we 
might be able to move a slightly modified resolution- 

lit -Col H C. Smith — The only diQiculty is the Council have had three 
meetings, and I do not know whether they are going to have another, and 
after tomorrow’s meeting, of course, the new Council will come in. It is 
rather difficult I think we have to considei it duiing the lunch interval 
and pass the resolution afterwaids I really do not think that we can call 
another Council meeting to consider this and if that is so, it will be put 
off till a considerable time 

Mr S- G- Stubbs (Chairman) —Shall we tako it up after lunch ? 

Mr. S. Bashiram (Punjab): — The present proposal should be read out 
slowly, so that we may digest it 

Lt.-Col H C. Smith —(Reads the proposed lesolution again). 

"This Congress, in view of the evils of "Ribbon Development" 
and existing encroachment on and obstruction of roads and the 
danger and obstruction to tbo growing road traffic which they 
cause and of the koavy cost of restoring an adequate width free of 
obstruction, recommend to the Provincial authorities and Indian 
States that immediate legislation be undertaken to restrict this 
type of development” 

Mr. S. G Stubbs (Chairman) — We will take this up again after lunch 
after you have had time to consider it and digested it with your lunch. 
(Laughter) 

[Continued ajtei lunch) 

Mr S. G Stubbs (Chairman) — Before continuing the discussion on 
Papers we will take up the question of Resolution which we briefly discus- 
sed before lunch on "Ribbon Development” Mr Bashiram asked that he 
might bo given time to digest the question, and I presume that members 
have had this time to digest the question Has anybody else got further 
suggestions to make? 

Mr T. Lokanathan (Coimbatore) —In this connection sou may be 
interested to know what occurred in the Madras Presidency where also 
this question of encroachment is gmng us'a lot of trouble. There was a 
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circular issued about four years ago by the Madras Government to the 
effect that when the encroachments on a road became so many that they 
could not all be reasonably evicted, a detour load might be formed with 
advantage. I just mention this to show that any attempt on our part to 
keep back encroachments would be like the policeman trying to keep out 
the crowd and finally letting the crowd have its own way. 

Mr. S. G. Stubbs (Chairman): — The question m issue is whether 
the Congress agree with this resolution or not, and on what lines it should 
be made. 

There is no objection to that. That is understood, 1 presume. 

Mr. S. Bashiram (Punjab): — Will you kindly read out tho lesolution 
once again ? 

Mr. S. G. Stubbs (Chairman):— (Reads the resolution). 

Rai Sahib Fateh Chand (United Provinces):— I suggest that the reso- 
lution be so worded ns to apply to Ribbon Development on District Board 
and Municipal roads as well, and the definition of the word "Ribbon De- 
velopment” he made clearer with reference to local roads, where occupation 
of the road-land is allowed by the Boards under different names both 
temporarily and permanently My point in raising this point is that the 
Ministers might keep the local roads in view while taking action on this 
resolution. I hope the Chief Engineers will put such an interpretation to 
the resolution as to include local roads (even if the wordings are not 
changed) when their advice is sought by the Honourable Ministers on this 
resolution, 60 that ribbon development on local roads be controlled side by 
tide with its control on the Public Works Department roads. 

Mr. S. G. Stnbbs (Chairman)* — We all know what Ribbon Develop* 
ment is The question is whether we should first pass the resolution and 
then ask the Provincial Governments to take action. 

(The resolution was then put to the meeting and carried unanimously). 
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TOURS AND OTHER FUNCTIONS HELD DURING THE FIFTH 
SESSION OF THE INDIAN ROADS CONGRESS, 
CALCUTTA, FEBRUARY 1939. 


Monday, February 13, 1939- 

The delegates assembled near the South Western Gate of Eden Gardens 
near Bandstand, at 8-30 a m., and proceeded from there in taxis to 
inspect the Calcutta-Jessoro Road 

' This road teas one of tho first in Bengal to be improved from the 
Central Road Fund Tho work of improvement was first taken up in 1930 
and extended from BELGACHIA (mile 3 furlong G-646 feet) to BARASET 
(13 M. P.). Owing to the intensity of traflic it was decided to put 
down some of the higher specifications of tj pes of road on the 3 1/2 
miles between BELGACHIA to DUM DUM (9 M. P.) • From DUM DUM 
to BARASET the surfacing was two coats of paint only. The higher 
specifications put down between BELGACHIA and DUM DUM were: — 

STONE SETT PAVEMENT, CEMENT GROUTED, OVER 4 INCH 
LIME CONCRETE. This w.«s laid for 2 furlongs 379 feet on either side of 
the tramwaj lines in 1931-32 

The cost of surface treatment is Rs- 52/10/- per hundred square feet. 

Present Condition.— -The present condition is satisfactory though the 
length of the road is subjected to heavy hullock-cart traffic There is 
however a straight wide joint between the stone sett pavements of the 
Tramway and the Communications and Works Department, there being 
no bonding between the two 


Commencing 4m 2f 283 feet 

(!) CEMENT CONCRETE IN 2 COURSES, BOTTOM 6-INCH THICK 
(1:2:4) AND WEARING COURSE 2-INGH THICK (1:1:2);— laid for 2 
(uilongs 193 feet in August 1931 over water bound road with trap stone 
metal. Cost per hundred square feet Rs 75 6'- 

(ii) 7-INCH THICK CEMENT CONCRETE INI COURSE (1: 2\ 
3j) • — laid for 2 furlongs 101 feet in October 1931 over water-bound 
macadam road with trap atone metal Cost per hundred square feet 
Rs 70 13 - 


(Hi) CEMENT CONCRETE IN 2 COURSES BOTTOM 5-INCHES 
THICK (1.2 4) AND WEARING COURSE 2- INCHES THICK (1:1:2) 
WITH DOUBLE REINFORCEMENT Top reinforcement is of B R C. 
Fabric No 9 and bottom reinforcement is 3 '8-inch mild steel bars, 6 inches 
apart bath-ways This was laid for 417 feet in March 1933 Reinforcement 
had to he u«ed on account of defective soil in foundation Cost per hundred 
square feet Rs I03 , 8 f - 
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Present Condition. — Proseat condition of the above three stretches of 
concrete is very satisfactory though this, js subjected to heavy wheeled 
cart and other traffic. There has been practically no expenditure on 
maintenance except for filling up expansion joints occasionally. 

So far, any difference in the wearing properties of the vaiious 
specifications is not apparent. 


Commencing 4M. 7f. 334 feet. 


(i) 61-INCH THICK HALKA KHILAN (PATENTED, TILED . REIN- 
FORCED CONCRETE (4:2:11) ( vide diagram below.) 

Z’/i! CEMENT CONCRETE 4 a .2'.^ 



-!-2Jh— — HALKA KHU-AN TILES 
tji JOINT? I - 2fo"xiOX 5 


This was laid for a 66 feet leQgth, in March 1933. Cost per hundred 
square feet Rs. 55/9/-. 

Present Condition.— This has both longitudinal and transverse cracks 


(ii) 2-INCH GROUT WITH TRINIPHALT AT 167 POUNDS PER 100 
SQUARE FEET AND SEAL WITH SPRAYPHALT AT 56 POUNDS PER 
100 SQUARE FEET. This was laid on a 80 feet length in May 1933. 
Cost per hundred square feet Rs. 25/- 


Present Condition. — Good. 


This abort length of road was carpeted in 1932 with a 2-inch concrete 
bitumen mixture 4 of stone, 2 of sand and 1 cubic foot of cement mixed with 
Colfix- This was a complete failure as the matrix never set. 


(iii) DATTA’S REINFORCED BRICK AND CEMENT CONCRETE 
WITH WEARING COURSE 2-INCH THICK MEXPHALT GROUT WITH 
S PR AMEX SEAL (MEXPHALT AT 167 POUNDS PER HUNDRED SQUARE 
FEET, AND SPRAMEX FOR SEAL AT 56 POUNDS PER HUNDRED SQUARE 
FEET, ( vide diagram below.) 


Z GROUT WITH MEXPHALT IG7(bi PER lOOSF?; 
SEALED WITH 5PRAMEX 56fbs PER IOOSF7: 



S CAVITY IN BRICKS 2 RZX2, . 
OATTA’S HOLLOW DRlCKS 10x5* 4 
M.S. P.0 D5^' DIAMETER 


This was laid on a 30 feet length in March 1932. Cost per hundred square 
feet It*. 65/-. 


Pass ent Condition. — Good. 
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(iv) DATTA’S BRICK AND CEMENT CONCRETE WITHOUT RE- 
INFORCEMENT. — (diagram same as in (ni) above except that the reinfoi ce- 
ment u omitted and bitumen grout is lepl.tccd by cement concrete). This Was 
laid nn a 30 feet, length in March 19j2. Cost per huudred square feet, 
Rs. 47/-. 

Present Condition. — This has cracked m places. 

(v) DATTA’S BRICK WITH REINFORCED CONCRETE (1: 1} : 3) 
(diagram same as in (in) above except that bitumen grout is replaced 
by cement concrete) This was also li id on a 30 feet length in Murch 1932. 
Cost per hundred squat e feet Rs 5 'i/ 5 /.. 

Present Condition. — Good " 

(vi) 2-INCH PREMTX CARPFT-ba*:p COAT WITH WTOH VISCO- 
SITY ROAD TAR AT 4 5 POUNDS PER CUBIC FOOT OF STONE METAL 
AND STONE CHIPS AND TOP COA1 WIjH iaR No 3 AT 4 POUNDS TO 
6 POUNDS PER CUBIC FOOT OF STONE CHIPS.— Hus was laid lac one 
furl jog in Apnl 1933. Cost per bundled squaie feet, Rs 32/L2-. 

Present Condition. — Good 

(vii) 2-INCH CROUT WITH MEXPHALT AT 133 POUNDS PER 
HUNDRED SQUARE FEET AND SEAL WITH SPRAMEX AT 56 POUNDS 
SQUARE FEET.— Tins was Itid for 5 fnrlong3 in 1931-32. 'Una length 
wis 13 muted with Spramev in 1937-38 Cost per hundred squaie feet, 
Rs 21/11/-. 

Too length we have just passed over is interesting as it was 
an attempt at economy by re hieing the amount of matrix. 133 pounds 
per bundled square feet woe applied with a seal of 56 pounds per 
100 square feet The quantity of bitumen used wai obviously insulh- 
cient us the surface pot-holed badly 'and has requited a good deal of mainte- 
nance The surface now is very tough 


Commencing 5m. Gf 

(i) 2-INCII GROUT WITH SOCONY ASPHALT 101 AT 167 POUNDS 
PF.R 100 SQUARE IEET AND SEAL WITH SOCONY ASPHALT 105 AT 56 
POUNDS PER 100 SQUARE FEET — This was lain for 4 fm lungs m 1931-32 
Cost pel luu >qu lie feet Ks. 24/ 11/-. 

Present Condition — Veiy satisfactory There has been practically no 
cost of maintenance so far 


(li) 2-INCII GROUT WITH PITCH AND TAR (2:1) AT 189 
POUNDS PER 100 SQUARE FEET AND SEAL WITH PITCH AND TAR (2:1:) 
AT 56 POUNDS TER 100 SQUARE FEET.— in u was laid for G rurmng!, in 
Maicn 1932 Lo-t |*ei iUU square fret Ks 19 10 G 7th and 8th Furlooga 
were painted with ijpmmex an l*Ji5-3G 

Present Condition.— Fair. Signs of wear aie uoticahle m places. 

(iii) 2-INCII GROUT WITH SOCONY ASPHALT 101 AT 176 POUNDS 
JER 100 SQUARE FEET AND SEAL WITH SOCONY ASPHALT 105 AT 56 
lOUNDS PER 100 SQUARE TEET laid id 193J-.J4. C. st per 100 square 
fett, Ks ‘JG'4 -. 
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Present Condition. — Satisfactory. 


The Sth rails was originally devoted to grouting with various emulsions 
These were not a success, the surface pot-holed btdly with the result that 
the greater portion of the road had to be picked up and a fresh 2-inch grout 
laid two yens later (1933-34). The greater portion of this mile is now of 
the specification given above for socony. 

Commencing 8m. Of 

(i) 2-INCH TEXACO PAVING CEMENT AT 165 POUNDS PER 100 
SQUARE FEET AND SEAL WITH NO. 96 AT 56 POUNDS PER 100 SQUARE 
FEET. Th.s was laid for a length of one furlong in Apiii 1932- Cost pei 
100 square feet Rs 24/S'- 

• Present Condition.-— This is showing signs of failure especially on the 

eastern half of the toad 

(„) 2-INCH PREMIX CARPET WITH HIGH VISCOSITY ROAD TAR 
AND SEAL WITH TAR No. 1. This was aKo laid o\er one futlong in May 
1932- Cost per 100 squwe feet Rs. 29'3/- This was painted with Spramex 
in 1934-33 


Present Condition. — This is also showing signs of failure, especially 
on the e.i>tern half of the road. 


Commencing 9\r. Of 

2-INCH GROUT WITH PITCH AND TAR (5:3) AT 215 POUNDS 
PER 100 SQUARE FEET AND PREMIXED CHIPS AT 4.5 POUNDS OF TAR 
AND PITCH (1:1) PER CUBIC FOOT OF STONE CHIPS AND SEAL WITH 
SPRAMEX AT 35 POUNDS PER 100 SQUARE FEET. This was laid in 8 
fut longs in 1937-33 Cost per 100 square feet Rs 24'- 


Present Condition. — Good. 

This road was water-bound with trap stone metal and painted with 2 
coats of Spramex in December 1932. Paiuting aid not stand np to the trathc, 
so a grout was put down in 1937-3S. The intensity of traffic over 18 feet 
width in 24 hours is 3019 tons as per census t iken in June 1938, (page 83) 


EXPERIMENT WITH CUTBACK OF BITUMEN. 


13TH MILE (1-4 FC It LONGS). 

Condition Before Treatment. — This mile was veiy wavy but bad n 
thick crust founeu by peno 'uc il repaintings On digging trial holes.it was 
found that the road had from 2 inches to 3 inches of metalling only. It 
was decided to resection the road and to utilize the old asphalt crust. 


Treatment— The crust was picked up and broken to 1-inch pieces 
The roid was t-cirified, the base dressed lei el and a liver d blinding 
materiil laid on the base, over wh:cu the new metal together with some 
old metal, was 1 ud Drv i oiling was done for some time after which the 
roil ins profuseh watered Rolling was continue 1 until the hoggin from 
below creimed up The broken pieces of the cru-t were then spread over 
the surf ic? and rolling continued until these pieces were firmly lodged m 
the surface voids of the met il. The roan was kept closed to traffic and 
allowed to dn for several weeks 
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Socony Liquid Asphalt No. 2 was then applied at 2 gallons per 100 
square feet over the brst two furlongs and at 3 gallons per 100 square feet 
over the next 2 fuilonga. After an interval of 48 hours it was noticed 
that the asphalt of the old crust wns completely dissohed by the 
liquid asphalt and the road w is flooded with bitumen. Sand was 
spread at 2-3. cubic feet per 100 square feet and the road was opened 
to traffic. 

The second coat with Socony Asphal Giade 105 (80/100 penetration 
containing 09.9 percent bitumen) was gnen after one year in March 
1938 at 30 pounds per 100, - equate feet und blinded with 4 cubic feet of 
stone chips. 

Present Condition —Fair, though there are signs of wear in places* 

Commencing 13m. of. 

(1) 2- COAT PAINTING WITH BITUMALS @ 84 POUNDS PER 100 
SQUARE FEET. Tins was done in one mile in December 1933. (Jose per 100 
square feet Its 9/ 12/'. This was again painted, one coat with Sprnj phalt 
in 1933-34, and lepainted with one coat of Socony asphalt 105 in 1937-38 
Present Condition — Fair, though there are signs of we ir in places. 

Commencing mu. of. 

(1) PAINTING 2 COATS WITH COLFIX @ 78 POUNDS PER 100 
SQUARE FEET. 11ns was none lt» 1 mile in April 1932. Lost per 100 
square feet Its. 8/12/-- This was painted agiin with one coat of Socony 
asphalt 105 in 1933-34. 

Present Condition. — Fatr, though there aie signs of wear in places. 

Thu ends the woik that was cimed >ut in the 1930-32 programme 

Fioin now onwnitia except for two e\|>eiuuental lengths, there is no 
sin face treatment which i*> less than 2 mche-. cluck The vaiious treatments 
arc as follows — 

COStMESUM) Jfoj. jy. 

(i) 2-INCH GROUT WITH PITCH AND TAR (5 3) @ 260 POUNDS 
PER 100 SQUARE FEET AND SEAL WITH SPRAMEX @ 45 POUNDS PER 
100 SQUARE FEET. This was hud for 5 fuiloogs m Mtrch 19(6. Cost per 
100 square feet Its 21 14 6 

Present Condition — Good. 

Commencing iOm. 7f 

(i) 2-INCH GROUT WITH TRINIPHALT @ 170 POUNDS PER 100 
SQUARE FEET AND SEAL WITH SPRAMEX @ 45 POUNDS PER 100 
SQUARE FEET. This was Lid on one furlong id March 1936. Cost pjr 
100 tqimre feet JEts 20 7/2 

Present Condition.— G ood. 
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(ii) 2-INCH GROUT WITH TRINIPHALT @ 178 POUNDS PER 100 
SQUARE FEET AND SEALED WITH SPRAYPHALT @ 44 POUNDS PER 100 
SQUARE FEET. Tins was laid for 7 furloDgs in May 1036. Cost per 100 
square feet Rs 25/1/— 

Present Condition. — Good. 

(iii) 2-INCH GROUT WITH PITCH AND TAR (3:1) @215 POUNDS 
PER 100 SQUARE FEET AND SEALED WITH SPRAYPHALT @ 44 POUNDS 
PER 100 SQUARE FEET. Tins was laid on one fin long in May I93fa. Cost 
per 100 squat e feet, Its- 21/8 '4. 

Present Condition. — Good. 


Commencing 18m. Of- 

(i) 2-INCH SHELCRETE WITH MEXPHALT AND SHELMAO ^2:1) 
© 160 POUNDS PER 100 SQUARE FEET- This was laid for 6 fmlongs 
394 feet m June 1936 Cost per 100 square feet Its- 19/-. 

Present Condition. — Good 

(i») 2-INCH GROUT WITH MEXPHALT @ 177 POUNDS PER 100 
SQUARE FEET AND SEALED WITH SPRAMEX @ 41 POUNDS PER 100 
SQUARE FEET. This w*.is done for one fuilong 266 feet in Apul 1937- 
Cost per 100 squtue feet It* 19/- 
Present Condition. — Good. 

Commencing 21m. Of. 

(i) 2-INCH GROUT WITH MEXPHALT @ 175 POUNDS PER 100 
SQUARE FEET AND SEALED WITH SPRAMEX @ 45 POUNDS PER 100 
SQUARE FEET. Tins was laid for oue mile ju April 1936. Cost per 
10J tquare feet Rs- 23/j/l- 

Present Condition. — Good. 

(ii) 2-INCH GROUT WITH MEXPHALT @ 177 POUNDS PER 100 
SQUARE FEET AND SEALED WITH SPRAMEX @ 38 POUNDS PER 100 
SQUARE FEET. '11ns was laid for one mile in Apill 1938- Cost per 
100 square feet Its 22/14/j. 

Present Condition. — Good. 

Commencing 21 -m Of. 

2-INCH GROUT WITH SOCONY ASPHALT 101 @ 176 POUNDS PER 
100 SQUARE FEET AND SEALED WITH SOCONY ASPHALT 105 @ 44 
POUNDS PER 100 SQUARE FEET. This was done in 2 miles, iu June 1936 
Avenge cist per 1U0 square feet Rs- 22 11 8. 

Present Condition.— Good. 


Commencing 25m. Op. 

pp e SOCONY ASPHALT 101 @ 172 POUNDS 

PER 100 SQUARE FEET AND SEALED WITH SOCONY ASPHALT 105 @ 
31 POUNDS PER 100 SQUARE TEET. This was Imd for 3 miles in May 
1937- Average co«t per J00 squj.ro feet lls. 20/12/10 

Present Condition. — .G ood. 
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EXPERIMENT WITH CUTBACK OF BITUMEN. 

Commenting 2?m. Op. 

The mile was divided into 2 oxporimental lengths. 

On the first part, after thorough l v clearing the surface, Socnfix at 4 
gallons per 100 square feet was applied over which 4-5 cubic feet of 
i-inch to i inch stone chips were spread This was thou rolled with 
a 10-ton stream toller. 

The second part wa3 treated with the npnlication of Socofi'c at C 
gallons per 100 square feet npprnxitn itely on the cleaned road surface 
and chip? spread an 5 cubic fe9t per 100 square feet A drag-htoom was 
then drawn backwards and forwards over the length of road b\ a 
motor lorry, until the stone chins were coated and the unevenness 
of the surface was automatic illy corrected Smaller gins were filed 
with 3/S-inch to l/8*inch stone chips precoated with Socofix About 
2 cubic feet of sand per 100 square feet were spread after an interval 
of about 18 hours and the road thoroughly rolled with a 10*toa road 
roller. The road was opened to traffic after final rolling 


Commencing 2Sm. Of. 

2-INCH GROUT WITH HOTFIX 30/40 @ 176 POUNDS PER 100 
SQUARE FEET AND SEALED WITH HOTFIX 80/100 AT 35 POUNDS PER 
100 SQUARE FEET. *J his was Inid for one mile in Mm 1937 Cost 
pei 10H square feet Its 21/9/3 
Present Condition — Good 


Commencing 30m Of. 

(1) 2-INCH GROUT WITH TRINIPHALT AT 172 POUNDS PER 100 
SQUARE FEET AND SEALED WITH SPRAYPHALT AT 35 POUNDS PER 100 
SQUARE FEET. This was laid for 2 miles in march 1938 Average cost 
per lOn square feft R- 21/4/4 
Present Condition — Good 


Commencing 32m Of 


pn> , f. * * (i) 2-INC.H GROUT WITH PITCH AND TAR (2:1) @ 216 POUNDS 
100 SQUARE FEET AND SEALED WITH SPRAMEX @ 37 POUNDS 
PER 100 SQUARE FEET. This was laid for 3 fui longs 613 feet in May 1937 
Cost per 100 «=q ure feet Rs 94/04. 


PER 

PER 

Co«t 

PER 

PER 

IOJs 


(«) 2-INCH GROUT WITH PITCH AND TAR (2:1) @ 253 POUNDS 
100 SQUARE FEET AND SEALED WITH SPRAMEX AT 32 POUNDS 
100 SQUARE FEET. This was laid for 4 furlongs 47 feet in Slav 11)37 
per 1U0 tqiiare f»et Rs 19/1/11. 


(iii) 2-INCH GROUT WITH PITCH AND TAR (21) AT 253 POUNDS 
100 SQUARE FEET AND SEALED WITH SPRAMEX @ £5 POUNDS 
100 SQUARE FEET This was laid for 5 furlongs in 1937-3?. Co»t per 


l»«re fe»t Rs 24 /a »/- 


f. iv 0 2-INCH GROUT WITH PITCH AND TAR (2:1) @ 353 

POUNDS PER 100 SQUARE FEET AND SEALED WITH SOCONY ASPHALT 

105 @ eg POUNDS PER 100 SQUARE FEET. This was laid for 3 furlongs 

'U I9j7-t8 Cost per 100 square (eft R» 22/12/9 
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• This wus laid for 2SU feet in May 1935. The cost of the work per 100 
square feet is Rs. 20/-. Repainted with one coat of Tar No. 3 ut 33 pounds 
per 100-square feet in May 1937. 

Present Condition. — G ood. 

This length had bepn previously resectioned and painted with 2 
coats of Titnidad Asphalt in December 1931. 

(H) 2-INCH PREMIX CARPET— BASE COAT WITH HIGH VISCOSITY 
ROAD TAR AT 4.5 POUNDS PER CUBIC FOOT OF STONE METAL AND 
STONE CHIPS. TOP COAT WITH PREMIXED CHIPS OF TAR No. 3 AT 4 
POUNDS TO 6 POUNDS PER CUBIC FOOT OF STONE CHIPS AND SEALED 
\WH TAR No. 3 AT 45 POUNDS PER 100 SQUARE FEET. 

This was laid for 4 furlongs 380 feet in May 1935 The cost of the 
work per 100 square feet is Rs. 20'-. 

It was repainted with one cost of Tar No. 3 at 33 pounds per 100 
squaie feet (except the 5th furlong) in May 1937 

Present Condition. — Good. 

Tlie roid had been treated in 1931 similar to the previous length. 


(iii) 2-INCH PREMIX 
ROAD TAR AT 4.50 POUNE 
STONE CHIPS, TOP COAT 
POUNDS TO 6 POUNDS PEP 
WITH SOCONY ASPHALT 1( 


SCOSITY 
TAL AND 
>. 3 AT 4 
) SEALED 
•EET. 


This was iaid for 510 feet in May 1935 The cost of the work per 
1 00 «qtino feet is Rs. 20/-. 

Present Condition. — Good. 

Treated in 193 1 similarly as the previous length 


Commencing 6m. 5f. 510 Feet. 

2-INCH PREMIX CARPET WITH SOCONY ASPHALT 101 AND 
SOCOSOL (1: 1/16) AT 4 POUNDS PER CUBIC FOOT OF AGGREGATE 
AND SEALED WITH SOCONY ASPHALT 105 AT 45 POUNDS PER 100 
SQUARE FEET. — '1 Ins wus laid foi 2 fur li mgs i50 feet m Alu> 1935. Hie 
co»t of the work per 100 squire feet is Rs. 2o/-. 

Present Condition. — There are signs of slight wear m places Treated 
in 1931 siuiiUtiy as tne preuous length. 


Commencing 7m. Of. 


(i) (WEST HALF) (A) 2-INCH ‘ 
HIGH VISCOSITY ROAD TAR AT 4. 
STONE METAL AND STONE CHIPS, T 
OF TAR No. 3 AT 4 POUNDS TO 6 PO' 
CHIPS AND SEALED WITH SOCONY 
100 SQUARE FEET. 


“ • 'ITH 


OF 

HIPS 

ONE 

PER 


(EAST HALF) (B) 2-INCH PREMIX CARPET WITH LIQUAPHALT 
AT 3.5 POUNDS PER CUBIC FOOT OF AGGREGATE AND SEALED WITH 
SOCONY ASPHALT 105 AT 45 POUNDS PER 100 SQUARE FEET. 
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The works (marked A and B) were done on one furlong of the road in 
May 1935. 

Tha cost of these works per 100 square feet is Rs. 20/-. r 

Present Condition. — Good. 

(u) 2-INCH SHELLCRETE WITH MEXPHALT AND SHELLMAX 
(2: 1) AT 144 POUNDS PER 100 SQUARE FEET.— fetono met.il ( 1^- inch 
graded) and sand (Proportion 2 ]) Hot Bitumen at 35 pounds per cubic 
foot of Stone metal (aggregite) and at 8 pounds per cubic foot of sand). 

This was laid for 7 furlongs in February 1935 

The cost of the work per 100 square feet i3 Rs. 17/2/- 

,\ 6eal coat with Shellmnc at 22 pounds per 100 square feet and 
sand was given in February 193G. 

The cost of tlie'eeal per 100 square feet is Rs 1/7/7 

The intensity of traffic in 24 hours for 20 feet width of road is 932 59 
tons ns per'census taken in February 1933 pxge 84 

Present Condition. — There are signs of wear- The whole is to be 
sealed and chipoed before next rain's (Painting 2 coats with Spramex at 
84 1 pounds per 100 square feet was done^m December 1931). 

The surface failed and was replaced 

Pioviously, the roan had been resectioned in 1931 and painted with 2 
coats of Spratuex at 84-l/j pounds per 100 square feet 


Commencing 8m. If 182 Feet. 


(i) 2-INCH TAR-CRETE WITH HIGH VISCOSITY ROAD TAR @ 
162 POUNDS PER 100 SQUARE FEET -Thi s «as Uia in 330 feet in May 
1937 Tho'cost of the walk per lUO.squaie feet is Its 20 -. 

This was soiled with Tar No 3 at 22 pounds per 100 square feet 
and sanded in Juno 193S 

The cost of seal per 100 square feet is Rs 17- 
Present Condition — Good 


f») 2-INCH SHELL-CRETE WITH MEXPHALT AND SHELL-MAC 
(1; 1/16) AT 144 POUNDS PER 100 SQUARE FEET. 


This was laid in G furlongs 14S feet in April 193G. 

The cost of the work per 10J squire feet is Its 18/-. 

This was sealed with Colas a: 12 pound* per 103 square feet and 
sanded in May 1937. 
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The cost of seal per 100 square tee t is Its. 1/6/21. 

Present Condition ““Good except in 7cb and 6th furlongs where 
terer.il pot-holes have formed. 

The load was previously resectioned and pvintcd with 2 coats of 
Spramex in 1931 


Commencing 9m. Of 

(i) 2-INCH GROUT WITH MEXPHALT AT 132 POUNDS TO 154' 
POUNDS PER 100 SQUARE FEET AND SEALED WITH MEXPHALT AT 45 
POUNDS TER 100 SQUARE FEET. 

This was hud for 3 furlongs in July 1934. The cost of work per 100 
square feet is Rs 22/*. 

Repainted with ono coat of Spramex at 22 pounds per 100 square feet 
in June 1937, 

Present Condition - A few pot-holes have appeared in places 


(ii) 2-INCII GROUT WITH MEXPHALT AT 154 POUNDS PER 100 
SQUARE FEET AND SEALED WITH SPRAMEX AT 45 POUNDS PER 100 
SQUARE FEET. 


This was laid for 3 furlongs in July 1934 The cost of the work per 
100 squate foot is Rs 22/ . Rooainted with one coat of Sptamex at 22 
pounds per 100 squue feet in January 1937. 

Present Condition — Cood. 


(in) 2-INCII GROUT WITH MEXPHALT AT 17S POUNDS PER 100 
SQUARE TEET AND SEALED WITH SPRAMEX AT 45 FOUNDS PER 100 
SQUARE FEET. 


Tnis was hid for 2 furlongs m July 1934. The cost of the work per 
100 sou ire feet is Rs. 21/*. Reprinted with ono coat of Spramex at 22 
pounds per 100 squire feet in February 193S. 

Jfcrw.tr Covrmov — Good. 


This longrh was ouginally painted with Bitumuls after the road was 
re sect toned in 1931 


Commencing 10m- Or. 


(») i-iNcii colfix carpet at 134 pounds per 100 square 
FEET AND SEALED WITH SOCONY ASPHALT 105 AT 45 POUNDS PER 
100 SQUARE FEET. . . . . : . : 


This was laid for 2 furlongs in June 1934. The cost of the work per 
100 square feet i> Rs IP ’3'*. 

Pnrar\T Condition — Surface has again failed and is now proposed to 
bea cverc 5 with 2-ineh bitumen grouting. * ’ 


PAINTING 2 COATS WITH SOCONY ASPHALT NO. 103 AT 105 
FEET ° S PER 100 SQUARE FEET AND AT 01 POUNDS PER 100 SQUARE 
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••*. . : This was laid in one furlong in July 1935. The tost of the work per 
'100 square feet is Rs. 11/2/* Repainted with one coat Socony Asphalt 
..No. 105 at 22 pounds per 100 square feet in 1937. 

Present Condition — There are signs of wear. 

In 1931 after rcseetiomng the roid 2 coits of Colfix at 89 pounds per 
100 square feet were applied in May 1931. 

Commencing 10m. 3f 

- -1-INCH CARPET WITH HIGH VISCOSITY ROAD TAR AT 55 POUNDS 
PER 100 SQUARE FEET AND SEALED WITH TAR No. 3 AT 45 POUNDS 
PER 100 SQUARE FEET. 

• This was 1 ud on 2 furlongs in June 1934. The cost of the work per 
100 squa're feet is Rs. 17/1/- 

Present Condition — Surface has again failed and it is now pioposed 
to replace it with a 2-inch grout with Socony Asphalt 101 and 105- 
... . Painting 2 coats with Colfix at 89 pounds per 100 square feet was 
'originally laid in May 1931 Tne surface failed and was replaced by 1-mch 
Carpet with High Viscosity Road-Tar as noted above- 


. - The delegates then proceeded to visit the Government Test House at 
Alipore where, amongst many things of great interest, the following were 
inspected 

(«) Exhibits of road metal samples from all over India 

(6) Attrition and abrasion testing machines- 

(e) Testing of ductility, volatility and penetration of bitumen, 

(d) Testing of viscosity of road-tar, distillattion of road-tar, 

softening point of bitumen, pitch and other road surfacing, 
materials, 

(e) Physical tests on cement, surkhi, lime, etc., 

(/) Testing of vegetable oils as lubricants and fuels, 
and (?) Viscosity and flash-points of oils 

The delegates returned to their lodgings at about 6 pm. 


Tuesday, February 14, 1939 

The delegates assembled at 7 a m near Eden Gardens and proceeded 
in taxis to the Kunti bridge, inspecting the Grand Trunk Road cn the way 

One of the earlie*t attempts at grouting outride Calcutta was 
made jn 1925*20 cn tbe Grand Trunk Road. Howrah wbfch was cut 
up by the increasingly heavy lorry traffic and ordinary repairs failed 
to keep the road in order The cost nuisance was alto very great 
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A traffic census taken on this road is on page 85 Fitch and tar in 
the pioportion of 2:1 and at 15 pounds per square >ard were laid 
at a cost of Re. l/- per squaro jard excluding cost of stone metal, 
and though these miles were laid about 13 jears hack, thero has been 
no occasion to replace tho original surface and only occasional 
repaiis were dono by pitching and painting with the same 
materials. In some places whoie the suifaco developed coirugations, 
instead of disturbing tho surfaco and rectifying the defects at beavy 
cost, it was oveiluid with l$-i»ch pitch and tar grouting, adding to tne 
strength of the load, and the defects havo disappeared. Portions of the 
roan wcio picked up about 5 years back to see how the work was 
behaving and tho matrix at the bottom of tho 2-inch lajer retained 
all tho strength and life These miles ptovo the Undoubted success of the 
tar and pitch grouting with a compaiatively small amount of matiix- 

4th milk, * or Tim 3nD furlong to Cm mile, Gtii furlong, 
done IN 1923 2G, 1926*27. 

2-INCH THICK TAR MACADAM WITH PITCH AND TAR GROUTING 
IN THE PROPORTION OF 2: 1 WITH 15 POUNDS OF MIXTURE PER 
SQUARE YARD WITH STONE CHIPS AND SAND TOPPING. 

6tii mit.e. 

2-INCH BITUMAL GROUTING WITH SEAL COAT WAS LAID IN 
1032-33. It is bemg painted with Hituinil Emulsion from time to time. 
Tno Binfuco is weating woll but shght coirugation has fotmed. 

9th-1?tii MILE. 

BITUMAL TAINTING. Tho surface is wearing well Tho repainting 
is required to ho done in altein.ito jcais In mile 9th to 11th — 
the suifnce nt either edges up to 4 feet in width usually hieakes and 
peels off — specially in rainy season, due to bullnek-cart traffic. 

I3tii MILK. 

MEXPIIALT GROUTING was dono in 1932-33. Repainting with 
Sprnmos is being none in every third year. Surface is wavy, pot-holes 
frequently appear, tho bitumen creeps in hot season. 

14TII MILE. 

PITCH AND TAR GROUTING was dono in 1931-32 and 1932-33. 
Fcnl cont was done with Coins- Subsequent repainting is being done 
with Colas in every alternate year. 

Surfaco. — Conti si portion in good condition, edges upto o feet, width 
on either sides break and pool-off like scilas, due to bullock-cart traffic. 

lSxiI 4: 1GTII MILE. 

PITCH AND TAR GROUTING was laid in 1932-33 with Spramex, 
seal cost and suhsequonc rep tinting is being done with Spramex. 
Repainting necesi.iry in every 3rd or 4th year. 
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Surface — bitumen creeps— loth mile is slightly wavy, patches formed, 
16th mile in good condition. 

17th mile, 

HIGH VISCOSITY TAR AND PITCH GROUTING WITH SEAL COAT 
OF TAR NO. 2 LAID IN 1932-33. Repniuting necessaiy every third year. 
Surface even, but peeling off started and patches formed. 

16th— 20th MILE. 

2-INCH PITCH AND TAR GROUTING SEAL COATED WITH SPRA- 
MEX. Repainting necessaiy every 3rd or 4th year. Surface good Pot- 
holes appeared in 18th mile, the surface in all other miles is good- 

19TH MILE NEW. 

PITCH AND TAR GROUTING WITH SEAL COAT LAID IN 1931-32. 
Repainting done with Colas every fourth year. 

Suiface — in good state 

20TH MILE 

PITCH AND TAR GROUTING WITH SEAL COAT LAID IN 1931-32. 
Resectioned in l‘>35-36 with 2-inch giouting with Socony Asphalt (half 
of 19th and half of 20th mile) Subsequent repainting none with Colas 
in every 3id year Surface is in vei\ pond state Last 2 quarters of 
20th mile have Colas painting over Tar and Pitch grouting 
Surface — good, no signs of decay 

21st MILE 

PITCH AND TAR GROUTING WITH SEAL COAT LAID IN 1931-32. 
Subsequent repainting being done with Soci n\ No 6 m every 3rd year. 
Surface — good 


22ND k 2Cl.n MILE 

SPRAYPHALT 1st COAT IN 1934-35 AND 2nd COAT IN 103MG. 
Surface in 22nd mile sligbilj uneven, a lew paiches formed 23rd rniie— 
uneven, a few patches formed Repainting has become necessary now. 


24TH MILE. 

TRINIPIIALT 1st COAT IN 1934-33, 2nd COAT IN 1935-38 
Repainting in I937-3S. Surface — appears wavt- 


25Tn to 31st miles- 

PAINTED WITH COLFIX IN 1930-31. Re« e ctiomng done in 1914-35 
except in 27th mile. Subsequent repunung being done with Socony 105 
except half of 2Sth mile which is being done with Road Tar, Repainting 
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necessary every alternate year. Surface in all places ercept 58th mile 
which is patchy. 

32nd, ft 33 i«D MILES 1 * 

’ ' T Tainted WITH COLFIXTN MSWr. ‘ Shh's^uehF ~ ref am ti'bg -being 
done with Spramex. Repainting necessary every alternate 5 ear. " 

34th mile. _ 

PAINTED WITH BITUMAL IN.T932-33 .Subsequent repaintirig being 
done with Spramex. Repainting necessary every alternate year. Surface 
fairly good Patches formed in fiist two quarters. 


KUNTI BRIDGE 

Site. — The bridge is located on the 31th mile of the Grand Trunk 
Road on the River Kami, which is a b-anch of the Damonar, taking off 
from the parent stream near S.ilimah.id in the distiict of Bui d wan. 
Proceeding southwards into the Hooghlv District, tlie stieain changes its 
nirae from pi ice to place. In its course tnrough the distiicts of Burdwan 
and Hooghly, it is joined by several other streams 

General Design — The Bridge will be a reinforced one of the balanced 
cantilever type and has been designed to cany 9 Butish Standard unit 
loads with proper allowances for impact. The road will be 18 feet wide 
with a 2 lee t 6 inches wide loot - path on either side 

' (tHd -Bfami - — -The bridge will have "3 7 mam. Ispans and 2 
approach spans. The central main span will be 07 feet and the end span 
52 feet between supports. The approach spans will be J2 feet long* 

The central span beam will he 67 feet between supports with a 14 
feet long cantilever at each end. The end beams will he 38 feet 'long, one 
^ehdof which will reason the abutments -of 'the' old bridge 'which 'is being 
■replaced and the other end will rest on the cantilever end of the central 
span. 


The over-all length of the bridge will be 205 feet and the width will 
be 24 feet. 

Four expansion j'oints have been provided in the whole length of the 
Bridge 

Superjtruetwrc — There will be 3 main girders' of varying depth, at 
■9 feet centres, one at oach end of the' main.' i*oad*way; and -bnh nt the* centre* 
*■.* ® ros * beams will bo placed at about 9 fee t centres Tho /ooi-patbs 
will b« cantilexered nut from the top of the main b«-aina. .'I.-. . , 



The decking slab will be 7 inches thick with a 4-iucb layer of.weak 
concrete overit and finished with a 2-inch wearing course. A 1/4-ioch- 
thick layer of asphalt will be laid over the decking slab in order .to make, 
it water-proof. . ; 

Piets - — The pier will be a hollow concrete one with suitable reinforce- 
ments. The individual walls will be 7* inches thick with vertical and lateral 
reinforcements. The two longitudal walls will be bent at the ends to form 
cut-waters ana will be joined and stiffened bv 8cioss walls at 3 feet centres* 
The over-all width of the piers will be 3 feet-?! inches The top of the hollow 
pier will be covered by a 2 feet thick Reinforced concrete capping slab on 1 
which will rest the beatings supporting the bridge. 

Beatings ■ — The hearings will be of German manufacture and madewf 
cast steel- Both Rocker and Roller bearings have been provided Botli 
the extreme ends of the side spans will rest on rollers- The capacity of, 
each of the bearings suppoi ting the central span and cantilever is- 150 tons' 
whereas that of the end-span beatings is 50 tons. 

Foundations . — The foundation of the 2 Reinforced Concrete piers will 
consist of 12 Reinforced Conciete piles undei each pier The piles will he 13 
inches niameter octagonal ones with 8 Nos- 5/8 inch vertical bais and 3/8 
inch helical tein/ureemenU at 2 inches pitch in the centiul portions and lj 
inches pitch at the two ends. The piles will lie placed in 3 rows, the central 
piles will be driven \eitical, wheieas the end ones will be diiven with an 
inclination of 1 in 20 After driving, the conciete in the top end of the pile 
will ho stnpped off and the leinfoicmg lods will be splat ed out and embed- 
ded in the 3 feet capping slab to be constiucted over the piles 

Matenals in) Sleel — High tensile steel bars will be used in the beams 
and 6tructur.il slabs in the main bridge and mild steel bars will be used m 
other places 

(b) Conciete — ^tiuctnrvl conciete of ciusbing strength of 
not less than 3,500 pounds per squaie inch will he u«ed m all important parts 
of the bridge Tne aggiegtte of su« h conciete will be graded so as to con- 
form to the Fuller Cuive, The wealing smface of the load-way will be 
maao of conciete of not less than 4,000 pounds ciusbing strength 

Preliminary tooths — As the new bridge "ns to be erected on the 
existing bridge site, n tempoiary diversion for keeping the road open to 
traffic during the period of re con vti action became necessaiy. This was 
done by shiltmg the exist ng bridge b< dtlj sidevvavs and placing it on 
temporary pieis and abutments built for the putpose- 


Shifting of old budge - Two new brick piers were constructed similar 
and adjacent to and also m line and level wub t lie old ones. To shift the 
central span, on to the top tf b»ih the anj ‘cent piers, skid nay & 2 feet wide 
J»nd continuous oxer the length to he trnvef-ed In the rp*n. were prepared. 
The shmwio consisted of 2 feet wide plate fixed to the pier bv counter-sunk 
holts with their lop surfaces grrased- In order lo resist distortion during 
shifting, the steel structure was strengthened by connecting the top and 
bottom booms b\ a system of Sal Mia and mild steel angle ties tod struts 




73 


The delegates returned to their lodgings tm the Willingdon Bridge at 
12 noon. 

In the afternoon, the delegates assembled at the Institution of 
Engineers, (India), 8 Gokhalo Road, near Presidency General Hospital, 
behind the Calcutta Club, at 3 p m. when after the Presidential Address* the 
Hon'ble Maharaja Srischandra Nandy, Minister for Communications and 
Works delivered his speech t and formally opened the Congress Session. 
A group photograph of the delegates with the Hon'ble Maharaja was then 
taken. 


At 4*45 p m , the Council of the Indian Road Congress were "At 
Home” to the delegates and certain distinguished guests. 

In the evening Dr A N- Puri, Soil Physicist, Irrigation Research 
Institute, Lahore, gavo a short discourse on simple experimental methods 
of finding out the amounts of certain salts ( t g Sodium sulphate) in soil 
samples and illustrated these by experiments. 

The delegates were then shown films on "Road Construction in 
Bengal” by the Bengal Publicity Department, on “Soil Stabilization 
Method in America” by Mr C D N Meares and on "Tho Cairo- 
Alexandria Deseit Road Consttuction” by Messrs The Burmah-Sbell 
Company, after which the meeting dispersed 


Wednesday, February 15-1939. 

The delegates assembled at 7-45 A. 51 at Eden Gardens and in two 
hatches, visited m turn tho Maidan Roads! and a demonstration of "Franlci 
Pilo” duving and tho New Howrah Bridge construction, through the 
courtesy of the commissioners for that Bridge The delegates were present- 
ed with a nice little brochure containing engineering details of this colossal 
bridge of the cantilever typo, similar m principle to the Quebec Bridge. 
The leading dimensions of the bridge as mentioned in the brochure will be 
as follows - — 

(n) The total roadway width is 71 feet, comprising 0 foet bullock- 
cart tracks close two each curb, two tramway tracks in the centre 
of tho loadway and two fast-traffic lanes in each direction 
between the bullock-cart tracks and the tramway. 

( b ) Two footway s are provided each 15 feet clear width on either 
side and railed off from the roadway 

{«*) The clearance of the roadway beneath the mam structure is 10 
feet. 

• The Presidential Address appears on pages 5 to 10 

t The Hon’ble Maharaja's speech appears on pages 10 to 12 

| Specifications of these roads appear on pages 71 to 50 
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,.-{<?) .The river clearance under the floor of the bridge is 29 eet 
minimum at highest water level, giving about 35 feet clearance 
ordinarily. 

* (e) The length of the main span centre to centre of main piers is 
1,500 feet. The total overall length of the bridge is 2,150 feet 
made up of two shove arms, each 325 feet long, two cantilever 
arms, each 468 feet long and the suspended span, 564 feet long. 

(/) The overall height of the towors above ground level is 300 feet 
approximately. 

(9) The main foundation is 181 feet 6 inches long and 81 feet 6 
inches wide. 

(h) The anchorage foundations consist oi two 54 feet by 27 feet 
monoliths, connected at the top by a tie-beam to make a unit 
104 feet by 54 feet. 


CALCUTTA MAIDAN ROADS. 

The specifications to which these roads have been constructed are as 
follows : — 

At Peel Statue Junction of Strand Road and Eden Garden 
Road. 

(1) 41-INCH THICK TARCRETE PAVEMENT WITH SIMILAR 
HIGH VISCOSITY ROAD TAR (MACHINE MIXED), Laid on the east 
flank of Strand Road (area 94 square yards) in February 1938. Matrix 
used at the rate of 4,24 pounds per cubic foot of aggregate (2 stone metal 
and 1 sand). Cost is Rs. 42/10/- per 100 square feet. 

Condition — Though the Matrix has worked up and the Burface 
withstood the iron-tyred cart traffic satisfactorily uptil now, it is too early 
to pass any opinion. 


(2) STONE SETT PAVEMENT LAID FLAT over an area of 30 
feet by 14 feet in the east flank of Strand Road laid about 10 years ago- 
Practically no repairs done yot. 

Condition — T air 

(3) CEMENT CONCRETE PAVEMENT no repairs done yet 
Condition — Very bad 

(4) CEMENT CONCRETE BRIQUETTE no repairs done yet- 
Condition — Very bad 

(5) 1-INCH ROCK ASPHALT PAVEMENT (over freshly conso- 
lidated Water-bound macadam) laid on the oast flank of Strand Road up to 
Calcutta Water Gate (North side) in December 1939 
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Matrix used — Rock Asphalt mixed with £«inch size stone chips (pro- 
portion 2 : 1) laid over a coat of Colfix priming and finished with fine rock 
Asphalt with admixture of cement. The cost was Rs. 2G/4/- per 100 
square feet. 

(6) 3-INCH TARCRETE PAVEMENT WITH SHALIMAR HIGH 
VISCOSITY ROAD TAR (Mixed in hand-made drums). Laid on east flank 
of Strand Road opposite the Calcutta Water Gate laid in 1935-3G. Matrix 
used at the rate of 5 pounds per cubic foot of aggregate (2 metal : 1 sand). 
No seal coat Cost Rs 22, G'- per 100 square feot. 

Present Condition. — Good. The area treated is subjected to heavy 
traffic. (71 25 tons per foot width in 24 hours). The matrix has almost 
worked up to au effective seal and the pavement has stood well under 
the wheels of heavy cart traffic- 

Nafier Road Bifurcation. 

(7) 3-INCH PREMIXED TAR CARPETTING SEAL-COATED WITH 
ROAD TAR No. 3— laid in 1934-35 at 3,5 pounds of Road Tar No. 3 per 
cubic foot of aggregate (2 inches to 1* inches metal 25 per cent, l£ inches 
to 1 inch metal 50 per cent and 1 inch to 2 inch metal 25 per cent for 
base coat, and i inch to i inch chips 50 per cent and £ inch to i inch chips 
50 per cent for the top coat). Cost Rs. 2G'13'- per 100 square feet- 

Present Condition— The seal coat wore out and pot-holes developed 
in several places though the surface was attended to by periodical patch 
repairs Re-sealed with Tar No 3A premixed stone chips in December 
1938, 


West Flank Strand Road Ur-To Lamp* Tost 43. 

(8) BITUMUL H. X. PAINTING 2 COATS (cola emulsion),— laid 
on freshly consolidated water-bound Macadam in December 1938 

Matrix used at 5.8 gallons per 100 square feet. Stone chips about 
7 cubic feet per 100 square feet Cost Rs 10/3 '0 per 100 square feet. 

Condition — It is too early to pass any opinion 

(9) LIQUID ASPHALT AND SOCOFIX TREATMENT ou freshly 
consolidated water-bound macadam laid in June 193G on the west flank of 
Strand Road from Lamp Post 43 to Ljmp Post 25 (opposite the Peel 
Statue). Cost is Rs. 8/-'G per 100 square feet 

Lami* Post 43 to 39 

(a) 4th stretch.— BASE COAT WITH LIQUID ASPHALT No. 2. 
cold application on dry eurface at 2 gallons per 100 square feet TOP COAT 
WITH SOCOFIX, cold applications at 3 gallons per 100 square feet. 

LtMF Post 39 to 35. 

(5) 3rd stretch,— BASE COAT LIQUID ASPHALT No 1. cold an. 
plication on dry surface at 4 gallons per 100 square feet TOP COAT 
SOCOFIX cold application at 3 gallons per 100 tquaro feet- 
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4 - {d) The river clearance under the floor of the bridge is 29 eefc 

minimum at highest water level, giving about 35 feet clearance 
ordinarily. 

■ (e) The length of the main span centre to centre of main piers is 
1,500 feet. The total overall length of the bridge is 2,150 feot 
made up of two shore arms, each 325 feet long, two cantilever 
arms, each 468 feet long and the suspended span, 564 feet long. 

(/) The overall height of the towers above ground level i3 300 feet 
approximately. 

{g) The main foundation is 181 feet 6 inches long and 81 feet 6 
inches wide. 

( h ) The anchorage foundations consist of two 54 feet by 27 feet 
monoliths, connected at the top by a tie-beam to make a unit 
104 feet by 54 feet. 


CALCUTTA MAID AN ROADS. 

The specifications to which these roads have been constructed are as 
follows : — 

At Peel Statue Junction of Strand Road and Eden Garden 
Road. 

(1) 41-INCH THICK TARCRETE PAVEMENT WITH SIMILAR 
HIGH VISCOSITY ROAD TAR (MACHINE MIXED), Laid on the east 
flank of Strand Road (area 94 square yards) in February 1938. Matrix 
used at the rate of 4.21 pounds per cubic foot of aggregate (2 stone metal 
and 1 sand). Cost is Rs. 42/10/- per 100 square feet. 

Condition — Though the Matrix has worked up and the surface 
withstood the iron-tyred cart traffic satisfactorily uptil now, it is too early 
to pass any opinion. 


(2) STONE SETT PAVEMENT LAID FLAT over an area of 30 
feet by 14 feet in the east flank of Strand Road laid about 10 years ago 
Practically no repairs done yet. 

Condition — Fair 

(3) CEMENT CONCRETE PAVEMENT no repairs dons yet. 

Condition — V ery bad 

(4) CEMENT CONCRETE BRIQUETTE no repairs done yet* 

Condition — V ery bad 

f 5 >, 1-INCII ROCK ASPHALT PAVEMENT (over freshly conso- 
lidated \\ ater-bound macadam) laid on tho east flank of Strand Road up to 
Calcutta Water Gate (North sido) in December 1938 
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Matrix tiled — RoeV A«p1m1t mixed with J*lnfh *i»a *loim chip* (|<m 
portion 2 : 1) Lid over a coal nl Oolfn j timing an 1 lini »lir >1 will* film ii>. I 
Asphalt with admixture of c*Mn«*nl Urn co»t «a» It* V*i l’> |*«»t l(H 
square feet 


(«) 3.tNcii tarcrete pavement wiiii miaumah mini 

VISCOSITY ROAD TAU (Mixed in hand madr drum*) l.ild on east lUhl 
of Strand Road opposite the Calcutta Water (Sate laid In lUiln ltd Mali!* 
used at the rate of 5 pound* per cubic font of •ri;i r jjiato ('.1 innlal I mind) 
No seal coat. Cost 1U 22 C - per 100 square fort 

Present Condition — - Good- Tho fttca Itralcl Is akih|t , « , |i'il In hoatt 
traffic. (71.23 ton* per foot width In 21 limits). Tim limit I a has n|inoi| 
worked up to an effective Real mid tho pitomctil Inis slnnl wall itiiilm 
the wheels of heavy cart traffic- 

Napier Hoad BirritCATios. 

(7) 3-INCII r REMIXED *1 Alt CARPI. IIINU SEAL ( IDA 1 1 I) \V|||| 
ROAD TAR No 3 — laid m 1931 33 lit 3 5 potiinU of llnml Tm No {| i lt q 
cubic foot of aggregate (2 inches to li inchti'i umtnl '.if* pci i«oii|, | J ln,i{ ( „, 
to 1 inch metal 50 per cent and 1 inch to J Inch Mmlitl ','5 pm cniil 
base coat, and i incli to J inch chips 50 per cent ntnl i ImOi In | InMi i>b|ps 
50 per cent for the top coat) Coat Jin 20 HI per 10(1 m|tinin find. 

Present Condition— TIio seal coat won* out tun! potholes dot iiliipoit 
in several places though tho surface wa« attended In }iy pnilndloal puLi. 
repairs. Ra-sealed with Tar No II A promLed alone chips In I Wi«|id,*| 


West Flank Htiiami Road Up-Ti* I, amp Pmj hi, 

(8) B1TUMUL II. X. I’AINTINn 2 COA'IM feold mmiUlnti). Ul.i 
on freshly consolidated water-bound Macadam In Deemnhni MMIII 

Matrix used at 5.8 gallons por 100 aquare font JUntm chips lai..,.., 
7 cubic feet per 100 square fret. (lost Us tO/il'O per 100 oqiuttc feel, 
Condition— It is too early to pass any opinion 


_ . ( , 0) . LIQUID ASPIlAI/r AND HOCOPIX IKEA (MEN I no I,, i ! 
consolidated „ato'.boun.l macadam l»(J In J lln „ ||,;||; „„ i|„, ..J '»My 

S rand Boad from Lamp l"„,t 13 t „ l„„„, ,.„ (l Wl 1 , l'l 

Statue). Cost is Rs. 8/* G por 100 sqiinra fret J *s| 

Lamp Fost 13 to :jy. 

,. (a) ., 4lh ,l , rC,c,, --" ASr - <;OAT wmi I.IOUII) AM'IIAI ’( 

wm mmrn” ,!r ' 1 ,ur, ", co 2 B*"on» MT 100 win.™ (Jt T< A. «, 

WITH BOCOUX, cold applications at 3 pallona par 100 tip, am 
Limp Fost 30 to 35. 

(1) 3rd strctcll, — BASF. COAT I.1QUII) ASI'IIAU Na 

“OCOf!t° ( Sallon. per 100 wjuare (col T 6l- 

.OCOFIX cold application at 3 palloni |.cr 100 >1t iare (col C, -U'/ 
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Condition. — Disintegrated badly and pot-holes developed all over; 
lia9 been repaired with tarmacadam and wliolo surface repainted with 
Spramox (at 44 pounds per 100 square feet) in 1937-38. 


(5) TARMACADAM — at 30 pounds of pitch and Tar (2^ : 1) per 
square yard laid up to mile stone 7 in 1927-29. Original width — 16th feet. 
Widened to 20 feet (2 foot each side) with 2-inch Tarmacadam over 
6-inch consolidated stone inetal trap on double layer of Jhama brick 
soling laid fiat {grouting with 18 pounds pitch and Tar 2 : l) and seal 
coat at 5 pounds of Spramox per square yard in 1935-3C 

Condition. — The original area has been repainted with Spramox at 
3 pounds per square yard in 1936-37 and is keeping quite all right- In 
the widened aroa the depressions at edges are being filled up with Tar 
(No 3A) Promix (Aggregate 1 stone metal 1 : 1 stono chips; matrix at 
5 pounds per cubic foot of aggregate) over a thin coat of road Tar No 3A 
priming. 


(6) TARMACADAM at 22 pounds of pitch and tar (2£ ■ l) laid 
in 1927-28 upto furlong-stone 5 of mile 8. 

Subsequent Treatment. — Same as above- 

(7) TRINIDAD ASPHALT MACADAM— laid in tbe Gtb furlong of 
9th mile in March 1928. 2-inch grouting at 12 pounds and Seal coat at 
7 pounds per square yard. Surface repainted every 4th year. 


(8) COLFIX MACADAM at 1.5 gallons per square yard (oost 
Ns- 2/12/- per Bquaro yard)— laid in 1927-28 in 5th furlong of 14th mile. 

Condition. — Failed and was replaced by 2-inch Premix carpet with 
High Viscosity Road Tar nt 4 pounds per cubic foot of aggregate (metal 
and chips) Beal coated with Spramex at 44 pounds per 100 square feet in 
1934-35. The latter lias been keeping well- Surface has been repainted in 
1938-39 t.f., after 0 yearn 


(0) PREMIX CARPET WITH LIQUAPHALT per cent 3.5 pounds 
per cubic foot of aggregate (metal and chips). Laid in 193G-37 ovor tbe 
widened and super-elevated portion of road in Gtb and 7th furlongs of 14th 
mile— seal coated with Spramex at 44 pounds per 100 squaro feet in 1937-38. 

Condition.— Quito satisfactory. 


RARRACKPORE STATION ROAD. 

(to) MF.XPHAI.T GROUT (18 pounds per square jard) and Spramex 
*eal coat (4 pound* per square yard)— laid in 1932-33. No repairs have had 
to bo done yet. 




to 


(17) MNCH GROUT WITH PITCH ANT) TAR (2.1) SEALED 
Will! SPRAMEX GROUT 200 POUNDS, SEAL U POUNDS PrR IftO 
SQUARE 1TXT — !/Uil over llw no 1 * Ulmpora Kh»| HrMpa »pprn*«lifl* in 
i!iar*-37. 

Comht ion— G ood Nothing dona \tt. 


Salt - An index nuji ihoMcg lU iojHi and Jilaee* veiled during die lour u *t 
p-ige fcS 
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DESCRIPTION OF ICHAPORE KHAL BRIDGE. 


1 Province or State 

2 Name & nature of bridge 

3. Road and milage 
4- Year of construction 

5 Nature of stream e-g , bed slope, 

maximum velocity etc 

6 Width and type of road 


7 Length between faces of abut- 
ments 

6. Number of spans 

9. Length of each 6pan 

10. Height above bed level 
and 

above foundations level of 
top of piers. 

II* Height above bed level 
and 

above foundation level of 
decking 

12- Founded on, (geology) 

13. Type, Section, etc , of founda- 
tions 


14. Type, Section, etc , of piers. 


15. 

16. 


Type, Section, etc , of abut- 
ments. 

Type, Section, etc , of arches 


17 Typo, Section, etc , of decking 


18- Total cost of bridge 
19. Cost per running foot of road- 
way. 

20 Cost per square foot of road-way 


Bengal Province. 

Ichapore Khal Bridge, reinforc 
concrete continuous beam. 
Ghosepara Road 19th mile 1st furjc 
1936-37. 

Tidal Khal 

20 feet carriage-way with 2 — 4 fe 
footpaths on either 6ide canl 
levered out 
122 feet. 

3 Spans. 

Centre span 48 feet, 2 shore spat 
of 37 feet each 

17.17 feet. 

19.17 feet 

21.17 feet 

23.17 feet. 

Clay. 

Reinforced concrete Piles 12 incbe 
square, 25 feet to 30 feet loni 
all driven with top at Reduce 
Level 0.00 

Reinforced Concrete Trestle. 
Brick-in-hme 


6-inch Reinforced Concrete Slab, re 
inforced with ^-incb diameter rod 
at 5-inch centres, both ways. 

Rs. 33,400/ — (approximate). 

Rs 2G1 - 

Rs 13/- (on carriage-way only, nc 
including footpaths). 
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21. Cost per square foot of openings (approximate) — Rs. 16.7 

22. Cost per square foot of the 33400 

elevation area i.e., from the 128x23.67 " Ks ‘ 11 '** 

roadway to the bottom of the 

foundations. 

23. Annual cost of maintenance, Completed only this year. 

average of recent actuals or 
budget (give separately cost of 
painting reduced to annual ■ 
average per running foot of 
- road -"way). 

24. 5 Percentage of maintenance ... Nil 
to capital cost* 

25. Permissible load ... 12. B.S.A. "Units. 

On the return journey the delegates visited the Bengal Chemical 
and Pharmaceutical Works at Pambati. They were shown round the 
factory by the management. Of particular interest to members was 
the section xvhere road tar is manufactured. After a very interesting 
visit, the party was entertained to tea and light refreshments 

The delegates returned to their lodgings at 6 p. m. 
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TRAFFIC CENSUS IN DISTRICT 24 PARGANAS 

FOR ONE, DAY OF 24 HOURS 

(JESSORE ROAD) 


PLACE & TIME OF OBSERVATION 

CALCUTTA- JESSORE ROAD 9 TH M1LE-JUNE 1938 

NATURE OF ROAD AT THE 
ABOVE PLACE 

TARMACADAM 

FULL WIDTH OF ROAD 

58 — cr 

METALLED WIDTH OF ROAD 

is — <r 

TYPE- OF 
TRAFFIC 


NUMBER 

WEICHT 


I WT. PER 

KIND OF TRAFFIC 

OF 

OF 

OF 


EACH KIND 


EACH TYPE , 

I METALLED 





1 

TRACK 


Lorry (loaded) 

225 

787‘5 tons 




each at 3'5 ton3 
' Lorry (unloaded) 

116 

116 0 tons 




each at 1 ton 





AUTO- 

Bus 

560 

1400 OtoDS|o 411 3tons 

134'0 tons- 

MOBILE 

each at 2 5 tons 





Car 

143 

107*0 tons 




each at '75 tons 
Motor Cycle 

4 

'8 tons 




each at '20 tons 



1 



4 Wheeled Carts, 
hackney carriages Ac- 

19 

5’7 tons 




each at *3 tons 






| Bullock Carts (loaded) 

367 




each at 1 1 tons 






l Bullock Carts 

203 




(unloaded) 






each at '25 tons 


\ 

1 



Other Types of 

551 

55 3 tons 607 7 tons 

33’8 tons 

MOBILE 

Vehicles t g-. 
Rickshaws, Cycles Ac 






each at '1 ton 






1 Pedestrians 

1018 

50 9 tons 




each at 05 tons 


1 

1 


Cattle 

6S3 




each at OS tons 





5 ™ II M * ™ 







3019 0 TONS 


DITTO— rER FOOT WIDTH OF 


167. 

8 TONS 



METALLED TRACK 












TRAFFIC CENSUS IN DISTRICT 24 PARGANAS 

FOR ONE DAY OF 24 HOURS 

(diamond harbour road) 


PLACE 4. TIME OF OBSERVATION . j DIVMOND HARBOUR ROAD 8TH. MILE.FEB.i9I* 


FULL WIDTH OF ROAD 
METALLED WIDTH OF ROAD 



TOTAL WEIGirr OF TRAFFIC 
FER DAY OF •« HOURS OVER 

whole width of ro.ad 

DITTO— Per FOOT WIDTH OF 
METALLED TRACK 


1041*0 TONS 
52' 1 TORS 













84 


TRAFFIC CENSUS IN DISTRICT 24 PARGANAS 

FOR ONE DAY OF 24 HOURS 

(diamond harbour road) 


FULL WIDTH OF ROAD 
METALLED WIDTH OF ROAD 



Lorry (loaded) 
each at 3*5 tons 
Lorry (unloaded) 
each at 1*0 ton 


AUTO- l Bus 


each at 2’5 tons 
Car 

each at *75 tons 
Motor Cycle 

each at '20 tons 


4 Wheeled Carts, 
hackney carnages Ac. 

each at '3 tons 
Bullock Carts (loaded) 
each at l’l tons 
Bullock Carts 

(unloaded) 
each at *25 tons 

NON-AUTO* Other Types of 
MOBILE Vehicles e.g„ 

Rickshaws, Cycles Ac. 

each at T ton 
Pedestrians 

each at '05 tons 
Cattle 

each at ’06 tons 


total weight of traffic 

PER DAY OF H HOURS OVER 
WHOLE WIDTH OF ROAD 
DITTO— PER FOOT WIDTH OF 
METALLED TRACK 



1041*0 TONS 
G3'l TON8 










TRAFFIC CEN 


PLACE 4 TIME OF OBSERVATION 

NATURE OF ROAD AT THE 
ABOVE PLACE 

FULL WIDTH OF ROAD 


METALLED WIDTH OF ROAD 










Traffic census i 


NATURE OF ROAD AT THE 
ABOVE PLACE 

TULL WIDTH OF ROAD 


METALLED WIDTH OF ROAD 



1 

1 

Lorn (loaned) ! 

each at 3*5 tons 1 


Lorrj (unloaded) 
each at TO ton 

AUTO- 
MOBILE j 

Bus 

each at 2’5 tons 


Car 

each at 75 tons 


Motor Cicle 

each at '20 tons 


4 \\ heeled C.irts, 
Inaclney Carnages etc- 
each at "3 ions 
Bullock Carts (loaned; 
j etch at l'l ions 
I Bullock C.irts 
NON'AUTO*| (unloved) 
MOBILE j e.ich at 25 tons 
Other Types of 
Vehicles e.g , 
Rickshaws, Cycles etc- 
each at "1 ton 
Pedestriins 

each at '05 tons 
Cattle 

each at 0G tons 

TOTAL WEIGHT OF TRAFFIC 

TER DAY OF •« HOURS OVER 
WHOLE WIDTH OF ROAD 

DITTO — PER FOOT WIDTH OF 
METALLED TRACK 
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(c) Correcting a badly corrugated road (corrugations being due to a 
weak sub-base); 

(d) Maintenance of ft hitumeh~painted surface, which is fast develop- 
ing pot-holes, due to any one of the causes referred to above. 

It will ha seen from the above details that the scope of the 
expeiiments corered a wide range, each having a particular importance of 
its own. Consideration now in greater detail of the experiments will 
possibly help in artiving at conclusions. These details are— 

Item 2s o. 1, Stabilisation of water-bound macadam freshly consolidated 

This i$ more or leas of the nature of a semi-grout. The scope of the 
experiment was to have water-bound consolidation with varying depths 
of penetration of a cut-back of bitumen. 

{«) Light traffic, met with beyond a radius of approximately 25 miles 
of Calcurtj, the intensity of traffic not exceeding 500 tons per day of 24 
bouts, on a 12 feet wide load, traffic consisting mostly of iiou-rinuued 
bullock-caits. 

(l») Moderately heavy traffic, met with in and about Calcutta, the 
intensity of traffic being over 100 tons per day of 24 hours, ou roads 
12 feet iu width. 

It was assumed that by regulating the penetration of cut-hack 
with the methods descubed earlier, different depths of penetration would 
be obtained, thus presenting suitable stib-bases for surface painting (as 
wrftting cauise) under varying intensity of traffic. Surface painting may, 
however, be applied at a subsequent date according to requirement. The 
material tn be used in surface painting may either be bitumen of 80-100 
penetration applied hot or a cut-back. of bitumen. 

The undeilving principle of conducting this experiment was to 
determine — 

(i) to what extent the adoption of specification with higher percentage 
of bitumen than in surface painting (such as grout, premix carpet etc ) might 
be dispensed with, in the case of toads subjected to moderately heavy traffic, 

(ti) to what extent the maintenance cost of miles of roads, normally 
heavily pitch r«»p urtd wjtli stone metal every year, could be reduced, by 
retaining the surface of the road in truo shape and form, till the next 
programme of ro-sectioning- 


Item iVo. 3 . Surface painting with cut-back of bitumen lough water- 
louttd macadam. 

There nro many miles of ro-»ds the surfaces of which havo become 
very rough but wfiero the water-hound consolidation remains firm. 

Tne scope of the experiment was to investigate the providing of 
realmcut to such a surface, without having to resection it, (with the 
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possible chance? of westering the w*ter-honnn), hut, at Ihi 8- me Him*, to 
ensure tho correct q imtity of sufficing material. 

Attempts to paint rough surfaces with rrsidi a’ bitumen lead to excess 
ft t places which, under traffic, lead to corrugations i n tho mufiirn hut nl*o 
increase the cost of surface treatments Treatment of such suiftres normally 
should consist of a primer coat on tho hruth~d riii fnen nnd thou n mrpet of 
premized drippings rolled to shape with a possib o liquid teal on lop with 
sand 


Tho cut-backs, however, offer a march over this method, in allow (ng a 
comVned primer coat and mtJMn-placo cirpct with tho help of a iluig hiooin 
By using different sizes of chippings, it is possible m smooth* n iv lough load 
by applying one or more courses of treatment as consulen d tun u»tai > , the 
number of courses aepcuding mainly on tho depth of drpu'hstons 

Item No. 3. Surface painting with cut-1 ach of bitumen on fleshly 
conso.idated icatei -bound macadam. 

The scope of tho experiment was to asceitatn if hotter lerndth com hi 
he achieved, than the present day methods of Miif.ito pmul Inga with hot 
bitumen, road tars or emulsions- Tiio supeiionty rhiiinod for out list Is I* 
that with their greater penetrative qualities, bettor ndliiMoii with llm wntiM 
bound macadam is obtained 

I Uni No. 4 Behaviour of diffnent yindr* of cut hot h i on nnfoqi 

bitumen painted sui faces which owing to tome irnum <>i the id/ii’i, 
replacement. 

The scope of experiment under this imbdmnd was mainly l«» rintuimlmi, 

(i) to what extent bitumen, whinh bus brnmim iippm until lii'inl m 

hard, can be rovivod with tbit nililil inn of mil I •mil. a ami In nsplniii llm Ihrid 
of use of such stuff of throwing it uwttv, 

(ii) to whit extent softriiing of hituimm in a painted mnfuin* will ln|,u 
place and, with tins iufoi trial inn to son to i\ Inti lutmii ihlsuiitt bn u»iu| in 
smooihcnmg a corrugated hiluitKli pulnli-d Mirfacn will* Ihn nililillnu n| 
chippings, thereby onsuring a greater llilrkuoan of mil p»»l with llin liuimd 
quantity of matrix. 

It mav not ho out of place to mention tho following (not* In miHiianlU'll 
with painted surfaces with huttmtn. 

Repainting of surfaces, particularly with hot hitunnm, mi it piin|m| 
(bitumen) fttirface, which has shown signs of ny ing and l.n< nmlug In It 1 1« 
lends to failure as tho new surface hns no ndliMtimi with tbn «nl> Imhi ||, |»* 
tii ere fore, necessary to lomovo the ilatn inutMiul wliloh i* not mi miiy 
operation to perform. 

The range of penetration of residual bitumen used in all mii fur a 
dressing must vary between 60 to 100 and this pjnntritmn (sollnns-) thnn| ( | 
be maintained in the bitumen after all field operations are perforins.!, 
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Bitumen with a lower penetration than 80, tends to become very hard and 
drv in the cotuse of a few months, and begins to dUintegtate with the impact 
of traffic, while bitumen possessing a higher penetration than 100 tends to 
become fluid making it impossible to retain the shnpo of the road unless the 
bitumen is unnaturally hardened with the addition of foreign materials such 
as road dust etc.. Attempts so far made in all surface treatments are to use 
a grade of bitumen which, after all field operations and with age, shall 
rotain a penetration of 80*100 ; success in this has seldom been obtained. 
Tiie reason for this is that bitumen hardens considciably under the vaiious 
field operations and the factors which contribute to such haidening are 

(a) Temperature,— -the greater the temperature tho greater the 
hardening, 

(b) Thickness of film exposed, — the less the thickness the gieater 
tho hardening, 

(c) Time of exposure of film under field operations, — the greater the 
time the greater the hardening. 

It is claimed that cut-backs, if left sufficiently long in contact with 
bitumen, will get dissoh’ed in the latter and form ono mass, thereby soften- 
ing tho resulting raixttno, but to what extent the lesulting mixtuio will 
haulen, is a matter which can only he found out by conducting a seiies of 
experiments. In all suifaco treatments, certain amount of hardening of 
bitumen at the smface is inevitable, but so long ns the matrix in the remain- 
ing mass is unaffected and a peifect adhesion is established with the water- 
bound Burface, theio is no cause for apprehension. 


DETAILS OF EXPERIMENTS. 

Item No. 1. — Stabilisation of water-bound macadam and Burface treat- 
ment on top 

Tho experiments under this section have been divided under 2 parts. 

Port 1. Roans subjected to light traffic up to 600 tons per day of 
24 hours cn a 12*feet width. 

.Vfltrir used Liquid A6phalt No. 2. 

Cut-hack — 40 percent bitumen (residual) 60 percent. 

Road surface* It was decidpd to conduct tho experiments on freshly 
consolidated water-bound macadam of trap stono motnl but this could not 
bo rigidly adhered to owing to circumstances explained later on. 

Location Q3rd mile of Catcutta-Jessoro Road — Full mile. 

35th mile of Calcutta-JesBoro Road — First 6 furlongs and 
3G0 fcot. 

It was originally intended to conduct experiments in tho 23rd and in 
the C9tb miles hut this was subsequently changed. 
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Preparation cf tcaler-bound inncadnm and condition before experiment. 

Water-bound consolidation of the 23rd mile of the Calcutta Jot-ir* 
Road was taken up during tho dric-t months of tho jear if. April arid 
May 1036. The rea*on for such abnormal treatment was In complete the 
experiments pnor to the onset of tho rainy season so that the experimental 
stretches might experience at least G months of traffic liefore in»j>cction by 
the metnbcis and delegates of the Inman Road Confess. Tho da to of Ilia 
Road Congress being in tho meanwhile neh-rrrd until the hrgtnning of 103ft. 
the consolidation wns left over till December 1'J36 hut in tho meanwhile the 
surface had become considerably disturbed by cattlo traffic 

Water-bound consolidation of tho 30th mile of the CnlcuUa-Jcuorc 
Road was dono during October nnd November I'KJG and tho surface was m 
very good shape. Tho 23rd tnilo ts fieo from drippings of road-lldo troci, 
while 3oth mile is subjected to heavy drippings 

Time of experiment 
23rd mile 
35th mile 

Variables. 

The experiment was divided into 48 variables as stated holow with 
200-feet length of road-wny under each variablo and tho details may bo 
seen from the statement No- I attached horowith. 

{a) Rate of application of matrix. 

(i) 3* gallons por 300 squaro foot of road sur/aco. 

(u) 2 gallons per 100 square foot of road surface- 
(tit) 3 gallons por 100 square foot of road surfuco. 

{ b ) Time to apply blinding materials after application of matrix. 

(0 2 to G hours in cases of (a) (i), (a) (u), and (a) (lii) 

(«) 18 to 24 hours in cases of (a.) (\), (») (n), and (a) (f/ij 

(lii) 36 to 48 hours in cases of (a) (i), (a) (u) and (a) (iii)' 

(c) Nature of blinding materials : — 

(.) Sand. 

(it) Ciuder. 

(iii) Road-aide dust 

(d) Nature of surface 

(0 Dry. 

(ii) Damp 


December 193G 
January 1D3G. 
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with Socofix at 4 gallons per 100 square feet and trap stone chips £ inch 
to 1 inch at 6 square feet per 100 square feet. The mix-in-place was effected 
by means of a drag-broom. The entire surface was then given a liquid 
seal of Socofix at 1 gallon per 100 square feet and covered with sand. 

In part B, the road surface was primed with liquid asphalt No 2 at 
4 gallons per 100 square feet applied hot-treatment made both on dry and 
damp surfaces. Stone metal and chips and sand were then applied to fill 
up depressions and the road was opened to traffic after 24 hours. 

The surface after 3 months was given a course of mix-in-place with 
drag-brooming using Socofix at 4 gallons per 100 square feet and stone chips 
£ inch to 1 inch at 5 cubic feet per 100 square feet and coveted with sand 
after rolling. 

The experiment showed 6»gns of failure after 4 months of laying 
Repairs to the pot-holes were done with Socofix and stone chips, cost of 
maintenance from date of experiment to 1st January 1938 being Rs. 4/8/-. 
100 square feet. 

Conclusion. 

The experiment was considered to be a failure. The stretch of road 
selected had to carry very heavy traffic. This experiment may be of use- 
on a toad carrying light traffic. 
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ITEM No. 1, (Part a). 
INITIAL COST OF EXPERIMENT. 
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Item No- 2,— Surface painting with cut-back of bitumen on existing 
water-bound macadam which has become rough, but is strong enough to 
receive surface treatment. 

Location. 2nd half of 28th mile Calcutfca-Jessore Road. 


Condttton before treatment. The water-bound consolidation was 
done during the months of April and May 1936 under conditions identical 
with those in the 23rd mile. The experiment was, however, conducted 
during the latter part of December 1936 and the beginning of January 1937. 
The surface was extremely rough and the watei -bound macadam was loose 
due to cattle traffic. The surface of the load was watei ed and rolled to con- 
solidate the 'Stone metal slightly. So the condition of surface before 
the experiment was rough but the water-bound was firm. Depressions in 
places were about lj inches 

Matrix used- Socofix— cut-back, 20 per cent 

Area covered by experiment. —2580 fee t x 12' -O' 1 ==30,960 square feet. 

Details of experiment. The road surface was brushed clean and then 
moistened with water slightly. Out-back (Socofix) w as then applied to the 
surface at the rate of 6 gallons per hundred square feet and allowed to pene- 
trate for a period of 2 hours. The stone chips of sizes vaijing from 1 inch 
to f inch at the rate of 7 cubic feet per hundred square feet approximately, 
was then spread on the load surface. The drag-broom was first tied to a lorry 
and dragged along the road hut this method wns found to he unwbikable as 
the engine got unduly hot and the operation had to be postponed. Dr ajp - 
brooming was then done with manual labour; nbout 12 coolies were found 
to be sufficient; 10 to 12 turns of drag-broom 
at dry patches by means of perforated cans, 
the aggregate with matrix thoroughly The f 

thin layer of sand and rolled thoroughly with a 10-ton steam road roller. 
After rolling, the surface was covered with a layer of sand and opened to 
traffic after 10 to 12 hours. 
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Item No. 3. — Surface painting with cut-back of bitumen on freshly 
consolidated water-bound macadam in good shape. 

Location. 1st half of 28th utile, Calcutta-Jessoie Road- 

Matrix used. Socofix. 

Variables. Painting with 3 gallons per hundred square feet, and 
Painting with 4 gallons per hundred square feet, 
with Trap stone chips f inch to ^ inch size. 

Details of expenment- The existing surface was brushed clean, 
matrix was applied at the rate of 4 gallons per hundred square feet and was 
allowed to stand for 6 horns and then covered with trap stone chips J inch 
to ^ inch in size and tolled with a 10-fon steam road roller. The surface 
was then covered with a layer of sand and opened to trailic. 

Initial cost of experiment. Average cost of experiment worked out as 
follows : — 

Area under experiment = 32,400 square feet- 
Socofix— *1296 gallons at */ll/- a gallon Rs 891/- 

£" Stone chips 697 C. ft. at 40/- % C- ft- Rs- 279/- 

¥' Stone chips 853 C. ft. at 38/- % C- ft- Rs. 324/- 

Sand 356 C. ft. at 15/- % C. ft. Rs 53/- 

Lahour Charges— 32,400 S. ft at -/8/- % S- ft- Rs. 162/- 

Rs. 170S/- 

Deduct cost of surplus chips about 

300 C. ft at 40'- % G. ft. Rs- 120/- 

Rs- 1588/- 

Therefore, cost per hundred square feet is Rs- 5/- (say). 

The condition of the' road was very good upto the beginning of 
January 1938 but sinco then there have been signs of hardening of the 
matrix leading to formation of a few pot-holes- These have been repaired 
with stone chips and Socofix, maintenance cost being 0-11-0 per hundred 
square feet. j 

A softer grade of bitumen should be used in making the cut-back to 
prevent undesirable hardening- 

item No. 4.— (a) Reviving bitumen which has hardened and cracked 
but the sub-base remaining smooth. 

This experiment lias been conducted over several miles of the Budge 
Budge road, tho surface painting of which suddenly started failing during 
December 1937. 

The treatment was mainly in applying Liquid Asphalt No: 3 at the 
rate of 1 to 1 4 gallons per hundred square feet and allowing it to mix with the 
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hardened bitumen for 4S hours and then covering it with sand In the 
course of one month, the cut-back got mixed with the hardened bitumen and 
softened the whole mass. Formation of further pot-holes was effectively 
stopped, and a smooth surface was obtained which was subsequently painted 
with hot bitumen and chips* The rate of application of sand was 2 cubic 
feet per hundred squire feet area The cost per mile worked out to 11s. GOO - 
per mile and was amplv pud bick by the resultant saving of hot bitumen 
applied later on in wearing course This treatment corrected the corruga- 
tions in the surface to a considerable extent 

• Item No- 4.— (b) Correcting a badly corrug ited road, corrugations 
being due to the excess of bitumen at the surface 

In the absence of stretches of such surfaces, this experiment could not 
be conducted An idea of the proposed expenmont may he obtained from 
the details of (a) and (c) under item 4 of the experiment 

Item No. 4 —(c) Correction of a badly cornigatedroad, corrugations 
being due to weak sub-base 

Location • 1st half of 13th mile, Calcutta-Jcssore Road 

Condition befoie expei intent The surface painting was m fair con- 
dition but was very uneven but not corrugated 

Details of experiment Tho layoi of suiface painting was carefully 
picked up and broken up into small pieces The water bound macadam 
was found to be about 2 inches thick and was lesectioned and consolidated, 
with old and new stone metal to a thickness of 4 inches, in September 1936 
Blinding with screenings from the road was applied on top of tho sub-base 
of Jhama metal in a thin lajer before putting down tho stone metal 
This was then consolidated with a 10-ton steam ro id roller, ptofuse watering 
being applied during rolling. Tho broken pieces of bitumen scum taken out 
from the painted surface were used as blinding material on top of the stone 
metal during rolling and thoroughly consohd ited After a month the surface 
was treated with a liquid seal of cut-back liquid asphalt No 2. at 4 gallons 
per hundred square feet and allowed to penetrate for 24 houis and then topped 
with sand 

Initial cost of expenment. Us 4-4-0 per hundred square feet 
excluding the cost of water- bound macadam- 

Maintenance- Cost of maintenance from date of experiment for about 
one 5 car was R« 1/3/- per hundred square feet 

Condition afte i expenment After one >ear of experiment, the 

surface showed signs of hardening ana a number of pot-holes formed. 

The road surface was then given a coat of surface painting with hot 
bitumen (Socony U grade 105) and stone chips J inch to 1 inch stre 
Bitumen was used at 22 gallons per hundred square feet and chips at 
5 5 cubic feet per hundred square feet. 
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Concluswn. The cut-back combined well with the scum of bitumen 
hut the resultant ma«s hardened and had to he coteted with hot bitumen 
of 80-100 penetration and stone chipped. The unevenness in the road 
surface did not appear again- 

Item No. 4.— (d) Mamtenince of a bitumen painted surface which is 
fast developing into pot-holes due to nn\ one of the causes referred to above- 


Location . 2nd half of 13th mile, Calcutta-Jessoro Road. ^ 

Details of exvenment. It was treated with Socofix at 4 gallons 
per hundred square feet and stone chips 1 inch size at 5 cubic feet 
per bundled square feet and finished with mix-in-place operation and 
rolled with Steam Road Roller in December 1936. 


/ililiaf cost of cxpeumcnl. Rs. O-S-3 per square yard. 
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C/o The Concrete Association of 
India, Forbes Buildings. Homre 
Street, Bombay 

Durrani, N 

District Board Engineer, Bellay 
(Madras) 

Dutta, G N 

Sub-Divisional Officer, P W D., 
Lahan, Sliillong 

Eccleston, \V T 

Executive Engineer, 4, Civil Lines, 
Rawalpindi 

Edgar. S. G 

Superintending Engineer and 

P \V. D., Minister, Government 
of Jodhpur, Jodhpur. 

Edibam, N R 

D57 35* Aurangabad Road. 

Benares. 

Edwin, J. \V 

Executive Engineer, C. and M 
Station Municipality, Bangalore. 

Ecdlaw, D. N. 

Sub-Divisional Officer, Central 
P. VT. D , Queens Road. Bombay 
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Date of 
election. 

Name. 

Address 

3-3-1936 

Fairs, G. 

Sub-Divisional Officer, Bannu Civil 
Works Sub-Division, Bannu. 

8.4.1937 

Fateh Chand, 

Rai Sahib 

Secretary-Engineer, District Board, 
Bijnor. 

11.8.1937 

Fielder, C. J. 

C/o Messrs. Turner Morrison and Co. 
Limited, Calcutta. 

3.3.1936 

Fitzherbert, R. A. 

Superintending Engineer, Central 
Circle, Poona. 

2.12.1938 

Fleury, W. R. 

Executive Engineer, Sambalpur, 
Orissa. 

3 3.1936 

Gandhi, Rao Bahadur 

K. J. 

State Engineer, Junagadh, (Kathia- 
war). 

14 6.1939 

Ganesan, V. 

Ripon Buildings, Park Town, 
Madras. 

30.9 1936 

Gangadhara, K. S 

Assistant Engineer, No. 4 Sub- 
Division, Gubby (Mysore State). 

3 3.1936 

Ghanekar, Y. K. 

Assistant Engineer, Nagpur Im- 
provement Trust, Nagpur. 

13.2.1937 

Gliarpure, A. V. 

Supervising Engineer, The Indian 
Hume Pipe Company, Limited, 
Jamshedpur. 

3.3.1936 

Gaur, Rai Saliib 

Uttam Chand 

Assistant Garrison Engineer, Military 
Engineer Sendees, Civil Bines, 
Quetta. 

3.3.1936 

Ghose, S. K. 

Assistant Engineer, P. W. D., 
Chaibasa, (Bihar). 

4 -S. 1936 

Gilbert, L. B. 

Chief Engineer, Public Works 
Department, Buildings and Roads 
Branch, Lucknow. 

16.4.1937 

Gilmore, E. F. G. 

Director, Industrial Research Bureau 
Indian Stores Department, New 
Delhi. 

8.3.1938 

Gaanaparakasam, N. T. 

L. F. Assitant Engineer, Bezwada. 

3.3.2936 

Goghari, D. W. 

Retired State Engineer, Bhavnagar. 

3.3.1936 

Golwala, P. E. 

Civil Engineer, C/o Chief Engineer. 


Bombay Port Trust, Ballard Estate, 
Port Bombay. 
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election. 

Name- 

- Address 

I5.2.I937 

Gopal Das 

Sub-Divisional Officer. P. W. D., 
Rohtak. 

29 . 1.1938 

Gopalan, M. 

Special Superintending Engineer, 
Capital Works Circle, Kachiguda, 
Hyderabad (Deccan). 

7.2 1938 

Goswami, S. M 

Assistant Inspector of Do cal Works, 
P. 0. Motihari, Champaran. 

3 3 1 93 6 

Gough, D E 

Representative of the Society of Motor 
Manufactures and Traders Limited, 
41 , Nicol Road, Ballard Estate, 
Bombay. 

23-I2-I937 

Graham, Captain R. C. 

96 , Piccadilly, London, S. W. I. 

3.31936 

Griffiths. W. A 

B jrmah-Shell Oil Company, Limited, 
Madras. 

3-3 1936 

Cue, Rai Sahib K. C 

District Engineer, Jalpaiguri, Bengal 

331935 

Gue, T. C. 

Chief Engineer, Rewa State. 

26 6.1936 

Guha, J. C. 

Executive Engineer, Suburban 
Division, Calcutta. 

2 + 9.1936 

Gupta, Rai Bahadur J N. Executive Engineer, Golaghat Divi- 
sion, Jarhat (Assam) 

5 4 2939 

Gupta, Kanchanendu 

District Engineer, Chaibasa, 
Singhbhum. 

3.3.2936 

Gupta, M. C 

Municipal Engineer, 3 S, Thornhill 
Road, Allahabad. 


Gupta, S M 

Assistant Engineer, P. W. D , 

Pegu, Burma 

20.4 2939 

Gupta, T N 

C 0 Mr M C Gupta, M.I.E.. Munici- 
pal Engineer. Allahabad (United 
Provinces) 

22.6.1937 

Guru, Ramamurt) 
Pantulu 

Public Works Supervisor, 
Yiaagapatam Municipality, 
Vizagapatam. 

20.9 1937 

Guruswami, S 

Assistant Inspector of Local Works, 
Muiaffarpur. 
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Date of 
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Name.- 

Address. 

23.5.1936 

Haig, Lt. CoLW. deH., 
D.S.O. 

Chief Engineer (retired), P. W. D., 
Buildings and Roads Branch, 

Lucknow. 

3.3.1936 

Ham,' H. W. T. 

Managing Director, Braithwaite & Co. 
(India) Limited, Hide Road, 
Kidderpore, Calcutta. 

[2.2.1937 

Hainsworth, Major J. R 

Executive Engineer, Canals Division, 
Peshawar. 

23.S.1937 

Hall, Captain G. F., 
C.I.E., M.C. 

Chief Engineer, P. W. D., Patna 

3.31936 

Hardikar, J. C. 

Executive Engineer, P. W. D.. 
Warangal (N.S. Railway)., 

3.3.1936 

Hardit Singh 

Sub-Divisional Officer, P. W. D., 
Peshawar. 

3.3.1935 

Hari Chand, Rai Sahib 

Concrete Association of India, 70. 
Queensway,, New Delhi. 

24.6.1937 

Harris, H A 

Executive Engineer, Provincial 
Division, Lahore 

4 12 1937 

Harris, J. 

District Board Engineer, Saharanpur. 

3 3 1936 

Harrison, C. P. 11 

Chief Engineer, Department of Com- 
munications i. Works, Calcutta. 

4 3 1937 

Hasany, M. U. 

State Engineer, Tonk State, Tonk 
(Rajputana). 

3.3.1936 

Haval, Anant Balwant 

Ilaka Panchayat Engineer, Shukhra- 
war reth, Kolhapur. 

8 12.1937 

Hewitt, R. C. L. 

Superintending Engineer, Orissa 
Circle, Cuttack. 

9 I-I939 

Hoey, G. 11c. C 

State Engineer, Jaipur State, 
(Rajputana). 

!.6.1937 

Hodgson, E. S 

Broadway Buildings, Westminster, 
London. 

13.3.1936 

Hoghshaw, F. H. 

Superintending Engineer, P. W. D., 
Central Circle, Calcutta. 

3-3.1936 

Hughes, H- 

Chief Engineer, Burma P. W. D.. 
Rangoon. 

3.3-1936 

Ishtiaq All 

Assistant Municipal Engineer, Delhi. 



Date of 
election. 


Name. 
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Address. 


3.3.1936 Iyengar, N. 

Narasidlia 

20.8.1936 Iyer, C. S. 

Venkatasubrahamanya 

' 9.12.1938 Iyer, E.V.S. 
n.10.1937 Iyer, M. K. Narasunha 

3.3.1936 Iyer, T. R. Ramaswamy 

3.3.1936 Jagdisb Prasad 

16.11.1938 Jagmoban 

3.3.1936 Jardine. A. 

16.2.1938 Jayswal, Rai Bahadur 
U. S. 

3 3.r 936 Jivrajani, M. R. 

22.4.1937 Jivrajot. P. R- 

22.4.193S Joglekar. G. D. 

16.6.1938 Jones, F. T„ 

C.I E , M.V.O. 

12.1.1939 Jootla. B. S. 

3.3.1936 Joshi, Rao Sahib 
N. S. 

3 2 1939 Jo*hi, Sitaram 
Balkrishna 

3.3.X936 Joti Prasad 

3.3.1936 Jussawala, J. R. 

3 3 T936 Kanhere. V P 


Assistant Engineer, 1243, Weaver’s 
line, Mysore 

District Board Engineer, KurnooL 


Assistant Engineer, P. W. D.. P. O 
Rayaguda, (N. S. Ry.) 

Executive Engineer, Aryanapui, 
Shimoga Distnct. 

District Board Engineer, 
Tiruvanamalai, (Madras). 

Assistant to the Consulting Engineer 
to the Government of India (Roads), 
New Delhi 

Executive Engineer, 198, Tucker Road 
Agra. 

Director, Jessop ^ Company Limited, 
93, Clive Street, Culcutta. 

District Engineer, Muzaffarpur. 


State Engineer, rorbander 

Assistant Engineer. Khairpur Mirs', 
Sind. 

Supervisor, District Local Board, 
Thana, (Bombay). 

Chief Engineer, Central P. W. D. ( 
Simla /New Delhi. 

Sub-Divisional Officer, I* W- D , 
Sambalpur, (Orissa). 

Assistant Engineer, S77, Sadasftiv Peth. 
Poona. 

Engineer and Contractor, Examiner 
Press Building. Dalai Street, 

Fort, Bombav 

Distnct Engineer, Narsinghpuf, (C. I.). 
State Engineer. Cambay State. 

State Engineer. Bhor State 
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Date of 
election. 

Name 

Address 

I.IO.39 

Kataraat, C.L 

State Engineer, Orchba State, 
Tikamgarh, (C.I.). 

3.3-1936 

Katkoria, C. R. 

State Engineer, Cutch State, Bhuj. 

16 12.1937 

Katrak, it. M 

153, Sappers I,incs, Secunderabad. 

3-3-I93G 

Kcatinge, II. A. 

Executive Engineer, Rnjsbabl, 
Bengal. 

3-3 1936 

Kelly, R J. 

Assistant Engineer Officer, Civil 
Aviation Office, New Delhi. 

J3-I2.I93? 

Kerr, J. Oldfield 

c/o The Burinah'Shcll, P. 0. Box 84, 
Karachi. 

1.6.193G 

Kerr, R. A. 

co The Bunnah Oil Company, 
Limited, Rangoon. 

5.T.T930 

Khan, Abdul Jabbar 

Executive Engineer, Roads, P. W. D„ 
Rampur State. 

3.1.1938 

Khan, Mubameil Abdul 
Kliayyum 

Divisional Engineer, Karccnmagar, 
1I.E.II. the Nizam's Dominions. 

t5.0.l939 

Khan, G. H. 

• Khan Man 7.1 1, Aerodrome Road, 
Srinagar (Kashmir). 

t6 1.1939 

Khan, M. I. 

Executive Engineer, Orissa P. \V. D , 
Gan jam Division, Berhampore. 

12,1.193$ 

Khan, N. M 

Divisional Engineer, Nirmal Division, 
Hyderabad (Deccan). 

15 S.1939 

Khan, M. A. Subhan 

Assistant Engineer, P. W. D., Hydro* 
electric Survey Partv, Drainage 
Secretariat, Hyderabad (Dcccan). 

3.3.I936 

Khanna, I. N. 

Asphalt Road Engineer, Standard 
Vacuum Oil Co. Engineer’s House, 
Chhipivvarn, Delhi. 

3.31936 

Klianna, Trem Nath 

District Board Engineer, Muttra. 

3.31936 

Khatri, K. C. 

Sub-Divisional Officer, 1\ \V. D., 

Abbot tnbad 

19 91936 

Kitlar Nath, Rai Saliib 

Executive Engineer, P. \V. D„ Build- 
ings and Roads Branch, Jullundur 
Cantonment. 

20.11.1935 

Kikkcri, S. A 

Slialimar Tar Products (1935) Limited, 
2/29, Mount Road. Madras. 

17.6.193s 

Kirk, E. S 

C/o Braithsvaitc Bum ,t Jcssop 


Construction Company, Calcutta. 
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Date of 
election. 

Name. 

Address 

3-3.I936 

Komi, Dr. 11. A. 

Chief Engineer, Reinforced Concrete 
Department, Bird A Co. Limited, 
P. 0. Box No. 264 , Calcutta. 

1 . 12.1936 

Kunte, Vaman J. 

State Engineer, Jamkhandi. 

I3-I-I937 

Kurian, J. 

Engineer to the Corporation of Madras, 
Ripposa Buildings, Park Town, 
Madras 

13 3-1937 

Kutty-Krishnan, 0. C. 

Roads Engineer, The Standard 
Vacuum Oil Co , Thamichetty 
Street, Madras. 

3.3-1936 

Kynnersley, T. R S 

The Associated Cement Companies 
Limited, Forbes Buildings, Home 
Street, Bombay 

1 . 10.1938 

Lakshman Swarup 

Assistant Engineer, P. W. D., 
Moradabad. 

26 . 5.1937 

Lakshminarasimhaiya, N 

Executive Engineer, Bangalore. 

3-3-I936 

Lai, Brij Mohan 

Executive Engineer, 52 , Jail Road, 
Lahore 

3-3-I936 

Lang-Anderson, Major 

W, G. 

Superintending Engineer, P. W D , 
Bannu 

9-1 1937 

Lawson. A Burns 

The Hindustan Construction Com- 
pany Limited, Ballard Estate, 
Bombay. 

29.8.1936 

Lawley, W. 

Executive Engineer, P.W D., Bannu 

3-3 1936 

Lekh Raj 

Civil Engineer, Kapurthala State 

25-3I937 

Lloyd. M. E 

Asphalt Engineer, Standard Vacuum 
Oil Co., 6 , Church Lane, Calcutta. 

6.1.193s 

Lokendra Bahadur 

Executive Engineer, P. W. D., 
Raichur. 

3-3A936 

Mackenzie, R. H. T 

Chief Engineer, Bikaner State, 
Bikaner 

3-3-1936 

Madhav. S. K. 

Assistant Engineer, Indore City 
Municipality, Indore 

13 6.1936 

Mahabir Prasad 

Superintending Engineer, P, W. j>„ 


Agra 
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3.3.1936 Mitchell, K. G., C. I. E. 

3.2.1939 Mitra, Tinkara 

3.3.1936 Mo dak, N V 

1.1.1937 Modi, A. K 

6 1 . 1 938 Mohammad Ibrahim 
28.3.1939 Mobomed Usman 

3.3.1936 Mookerjee, B. N. 

2.12.1937 Mookerjee, R. N 

30.9.1936 Morgan, I. 

3 6 1936 Morris, A E C 

3.3.1936 Mudaliar, T. Lokanatha 

29.1.1937 Mufti, M. I. D, 

3.3.193b Mukerjee, Rai Bahadur 

21.2.1938 Mukerji.U N 

7.1. 1937 Mukherji, P K 

4 5 1936 Murari Lai 

9 6.1936 .Murrell, W L 

21.1.1939 Murti, N. V. S 
3.3.1936 Nadirs h ah, E. A 

5 JI.1936 Naidu, R. B 

Gobindaswami 


Address 

Consulting Engineer, to the Govern- 
ment of India (Roads), Simla/ 
New Delhi. 

Executive Engineer, Darjeeling 
Division, Darjeeling. 

City Engineer, Bombay Municipality, 
Hornby Road, Fort, Bombay. 

The Navsari Electric Supply Company 
Limited, Navsari. 

Executive Engineer, P. W. D , 
Asifabad, Hyderabad (Deccan). 

Assistant Engineer, P. W. D., 
Lingsugur, (Raichur Dist,). 

C o Martin and Company, 12, Mission 
Row, Calcutta. 

8,3, Loudon Street, Calcutta. 

103, Clive Street, Calcutta. 

Branch Manager, McKenzies Limited, 
Esplanade, Madras 

Distric Board Engineer, Coimbatore ' 

A. C. R E Works, P and A District, 
Fort William, Calcutta 

Executive Engineer, Provincial 
Division, Lucknow 

Executive Engineer, 29, Parashor 
Road, P. O. Kahghat, Calcutta. 

District Board Engineer, Masulipatam, 
(Kistna District). 

Assistant Engineer, 'B' Provincial Sub- 
Division, Lahore. 

Superintending Engineer, North Bihar 
Circle, Muzaffarpur. 

Executive Engineer, Dharwar 

Improvement Trust Building, Napier 
Road, Fort, Bombay 

Assistant Engineer, Cuddapah 
(Madras) 
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Date of 
election. 


Name. 


17.1.1938 Nambiar, K. K. 


3.3.193s 


Nanda, B. D. 


9.1.1939 Nanda, K. It. 


16.6.1939 Nangea, Ganpat Rai 


9 6.1936 Naqvi, M. H. 

3.3.1936 Narasimham, J. S. 
19.1.1938 Narayanamurty, B. 

23 11.1936 Narayanaswami, S. 

3 3 193& Nat, Copal Singb 

7.8.1936 Nath, Raj Mohan 

10.7.1936 Nayar, D. P- 

309.1936 Nayar, P. T. 
Narayana 

9.11.1937 Nariruddin, K. 


Address. 

District Board Engineer, South 
Kanara, Mangalore. 

Divisional Engineer, Banihal Road 
Division, Udhampur. 

Divisional Engineer, Kashmir Division, 
Srinagar. 

Sub-Divisional Officer, Dhok Pathan 
Proon Sub-Division, P. W. D., 
(B. & R ), c o Postmaster, Pindigheb, 
District Attock. 

Executive Engineer, P. W. D., Nizam- 
abad, Hyderabad (Deccan). 

3393, Kingsway, Secunderabad. 

L. F. Assistant Engineer, Gudivada, 
Kistna District. 

District Board Engineer, North Ram- 
nad, Tirupathur. 

Civil Engineer, Canal Rest House, 
Jodhpur, P. O. Sarai Sidhu., District 
Multan. 

Assistant Engineer, P.W.D., Nowgong, 
(Assam). 

Executive Engineer, Provincial 
Division, Simla. 

Special District Board Engineer, Cali- 
cut, Malabar. 

Superintending Engineer, Orissa Circle, 
Cuttack. 


3 3-I93& Newton, B, St. J. 
19 3.1936 Nicolson, J. F. H. 
5.8.1939 Nicolaides, E. P. 
3-3 1936 Nilsson, D. 


Officiating Superintending Engineer, 
Raipur, (Central Provinces). 

Chief Public Works Officer^ Federated 
Shan States, Taunggyi, Burma. 

Chief Designer, Messrs. J. C. Gammon 
Limited, Hamilton Home, Bombay. 

Chief Engineer and Director, J. C. 
Gammon, Limited, Hamilton House ( 
Graham Road. Ballard Estate, 
Bombay. 
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Date of Name 

Election. 

3.3.1936 Northey, Lt. Col. H. S. 

19 3.1936 Nougerede, C. E. de la 

3.3.1936 Oram, A 

*3'i *937 Pancholi, D B. 
18.5.1939 Pancholy, H. M. 

3.3 1936 Paaje, Shanker Rao 

14.3.1936 Parikh, H. B 

10.1.1938 Parmara, S 
23 11 1936 Patel, B D 

3 3 1936 Patel, M. R 

3.3.1936 Pearce, E O 

10 7 1936 Pennell, K E L 

20.1. 1937 Pillai, N. P 
Sundaram 

28.3 1937 Plumley, D. J 
16 5 1939 Prasad, A P 

3 1 1939 Puranik, R. G. 

2 5 3 *939 Puri, Dr A N. 
23.1.1939 Puri, B S 


Address 


Superintending Engineer, P. W. D., 

P. O. Modigere, Kadur District. 

Assistant Garrison Engineer, Shillong. 

Chief Engineer and Secretary to the 
Government of N. W. F. P., P. W. D., 
Peshawar. 

State Engineer, Dhrangadhra State, 
Dhrangadhra. 

Kundan Lai Buildings, Dharam Peth, 
Nagpur (C. P.). 

District Board Engineer, Anantapur. 

Special Road Engineer in Sind, (on 
leave), P. W.D., Karachi. 

A. P. Sen Road, Lucknow. 

Special Road Engineer, Sind, P.W D., 
Karachi. 

Executive Engineer, Navsari (Baroda 
State). 

Departmental Manager, Engineering 
Department. Bird and Co., Chartered 
Bank Buildings, Calcutta. 

Chief Engineer and Secretary to the 
Government of Assam, P. \V. D., 
Shillong. 

District Board Engineer, Negapatam. 

State Engineer, Bastar State, 
Jagdalpur 

Sub-Divisional Officer, P. W. D., 

P. O Hazaribagh, (Bihar). 

Assistant Engineer, Jamkhandi State. 

Physical Chemist, Punjab Irrigation 
Research Institute, Lahore 

Superintending Engineer, Central 
Aviation Division, Council House 
Street. Calcutta 
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Date of Name. Address 

Election. 


3.3.1036 Raghava Acharya V. S. 
Srinivasa 

3.3.1936 Raghavadiary, K. S. 

24.11.1936 Rajam, M. K. 

237.1936 Raju, P. 

Yenkataramana 

3.3.1936 Ramamurti, K. S. 

10.2.1937 Ramanujachaiva, S. 

1 9.7. 1937 Raman uj am. M. 

3.3.1937 Ramaswmny, H. 

4.1.1937 Ranade, D. H. 

3 3-1936 Rangaswami, K. 

3 3 1936 Rangasvrarai. V. N. 

3 3.1936 Rangaswami, V S. 

9 7.1036 Rnngaswamv, Rao Sahib 
M. A. 

3 3.1936 Rao, A. Lakshmi- 

narayana 

4 2.1939 Rao, B. Krishna 

3 5 J93S Rao, C. Hanmanth 
3 3 3936 Rao. G. Shcshagiri 


District Board Engineer, Trichinopoly. 

Assistant to the Special Engineer, 
Road Development, Madras. 
Executive Engineer, Buildings Divi- 
sion, Bangalore. 

Executive Engineer, P, W. D., 
Trichinopoly. 

District Board Engineer, Vizagapatam 

Assistant Engineer, Public Works 
Department, Anantapur (Madras 
Presidency). 

Executive Engineer, Kadur Division, 
Chikmagalur, Mysore. 

District Board Engineer, Bijapur, 
Bomba>' Presidency. 

C.o Messrs. Ranade Brothers, Engi- 
neers and Contractors, 653, Budhxvar 
PcUi, Poona 2. 

State Engineer, Pudukkottai State, 
Pudukkcttai 

Road Engineer, Burmah-Shell Co 
Madras, 

Assistant Engineer, District Board. 
West Tan j ore. 

District Engineer, Dharbhanga. 


District Board Engineer (on leave) 
Prnkasam Road, Tyagarajnagar, 
(Madras) 

Executive Engineer, Well Sinking 
Department, Sholapur, District 
Gulbarga. 

Divisional Engineer. Parbhani. 

Executive Engineer, Krishna raj 
Sagar, Mysore State. 
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Date of 
election 

Name 

Address. 

30.8.1937 

Rao. H. R. Sayoji 

Assistant Engineer, District Board, 
Kistna, Masulipatam. 

5.9.1936 

Rao, K. Subba 

Municipal Engineer, Guntur. 

331936 

Rao, N. Subba 

Superintending Engineer, Mysore 
Circle, Mysore. 

20 6.1938 

Rao, Sridhai 

District Board Assistant Engineer, 
Gobichattipalayam, Coimbatore 
District 

ig 12 1938 

Rao, V. Venkatappa 

District Board Engineer, Ganjam, 
Chatrapur (Orissa) 

3 3.I936 

Ratnagar, R. D 

Executive Engineer, P.W.D., 
Jubbulpore. 

21.10 1936 

Rau, D. Madhava 

L F. Assistant Engineer, Angola 
District Board, Bapatla, Guntur 
District. 

3 3 1936 

Ray, G. P. 

District Engineer, Puri. 

30.7.1936 

Rege, D. Y 

C 0 Standard Vacuum Oil Company, 
Neville House, Ballard Estate, 
Bombay. 

3.3.I936 

Rege, S. B 

Executive Engineer, Ratnagiri Divi- 
sion, Ratnagiri. 

3.3.I936 

Roberts, S. A 

Partner, Bird Co., Chartered Bank 
Buildings, Calcutta 

10 7 1936 

Romebh Chandra 

Executive Engineer, Tezpur, (Assam); 

3 3 1936 

Rowlands, W. H. 

Technical Assistant, Burmah-Shell 
Oil Company, Limited, New Delhi. 

6 1.1938 

Roy. C B. 

Executive Engineer, Chindwara 

20.1.1939 

Roy, J. C 

State Engmeer, P W-D , Coach-Behar 

3-3 1936 

Sadarangani, V H 

Professor of Civil Engineering, 

College of Engineering, Madras. 
Saidapet. 

15.6 1939 

Saba, S. I. 

C/o B- Raghunatb Safcai. Pleader, 
M. P. Bagh, Arrah (Bihar). 

3 3 J936 

Sri gal, Rai Schib Sant 
Ram 

State Ergineer, Mewar State, 

Udaipur. 

3 3.I536 

Sahrey, J C 

Assistant Engineer, PWD, 
Gorakhpur, (United Provinces) 
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3-3-I936 

Raghava Acharya V. S. 
Srinivasa 

District Board Engineer, Trichinopoly. 

3-3-I936 

Raghavachary, K. S. 

Assistant to the Special Engineer, 
Road Development, Madras. 

24- I: t.i936 

Rajam, M. K. 

Executive Engineer, Buildings Divi- 
sion, Bangalore. 

23 7.1936 

Raju, P. 

Venkataramana 

Executive Engineer, P. W. D., 
Trichinopoly. 

3-3-I936 

Ramamurti, K. S. 

District Board Engineer, Vizagapatam 

10 2.1937 

Ramanujacharya, S. 

Assistant Engineer, Public Works 
Department, Anantapur (Madras 
Presidency). 

19 . 7.1937 

Ramanujam, M. 

Executive Engineer, Kadur Division, 
Chikmagalur, Mysore. 

3-3-1937 

Ramaswamy, H 

District Board Engineer, Bijapui, 
Bombay Presidency. 

4-I-I937 

Ranade, D H 

C/o Messrs. Ranade Brothers, Engi- 
neers and Contractors, 653 , Budhwar 
Peth, Poona 2 . 

3 3 1936 

Rangaswami, K. 

State Engineer, Pudukkottai State, 
Pudukkottai 

3 3 1936 

Rangaswami, V. N. 

Road Engineer, Burmah-Shell Co 
Madras. 

3 3-1936 

Rangaswami, V S. 

Assistant Engineer, District Board, 
West Tan j ore. 

9 . 7.1936 

Rangaswatny, Rao Sahib 
M. A. 

District Engineer, Dharbhanga 

3 3.I936 

Rao, A. Lakshmi- 
narayana 

District Board Engineer (on leave) 
Prakasam Road, Tyagarajnagar, 
(Madras). 

4 = 1939 

Rao, B. Krishna 

Executive Engineer, Well Sinking 
Department, Sholapur, District 
Gulbarga. 

3 5 1938 

Rao, C. Hanmantb 

Divisional Engineer, Parbhani. 

3 3 1936 

Rao, G Sheshagiri 

Executive Engineer, Krishnaraj 
Sagar, Mysore State. 
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Date c! 
election. 

Name 

Addrtu 

30.S.1037 

Rao, H. R. $370 ji 

Assistant Engineer. Diins Coiri. 
Kistr.a, Ma*ulipatam 

5.9.1936 

Rao, K. Subha 

Mtmid7.1l Engineer. Guntur 

331936 

Rao. N. Subha 

Superintending filpw,, Myrmr 
Circle, Mysore. 

20 6.193S 

Rao, Sridhar 

Distnct Hoard .Wtant Ent-i--, 
Coimt^o" 

ig 12.193S 

Rao, V. Venkatappa 

XW-' 

33.1936 

Ratnagar, R. D 

E Jobbui^ro EnEinCCr ' 

21.10 1936 

Rau, D. Madhava 

L. F Assistant Entrinrer a 
D istrict Board. Bapatla ‘ r, nK ? h 
District pam * Gu «ur 

3 3 1936 

Ray, G. P. 

Distnct Engineer, run. 

30.7.1936 

Rege, D. Y. 

C 0 Standard Vacuum Oil 

Neville House. Ballard 

Bombay ra Estate. 

3 3 1936 

Rege, S. B 

Executive Engineer, Ratnngiri tw 
sion, Ratnagin b u,v »- 

3.3.1936 

Roberts, S. A 

Partner. Bird Co . Chartered , 

Buildings, Calcutta d Rank 

10 7 1936 

3.3 1936 

Romcsh Chandra 

Rowlands, W. H 

Executive Engineer, Ter P ur, (Assam) . 

Technical Assistant, Burmst, n 

Oil Company, limited, Ne™ 

6 1.193S 

Roy, C B. 

Executive Engineer. Chindtvara 

20.1.1939 

Roy, J. C 

State Engineer, P W D„ Cooch.Pe har 

3 3 1936 

Sadarangani, V. H 

Professor of Cnil K ni »; B „ . 
College of Engineering, jjg V n 8. 
Saidajet. fllad ras. 

15-6.1939 

Saha, S. b 

C/o B Raghunath Sahai Pi,,. 

M. P. Bagh Arrah (Zliliar). ® der . 

3 3 1936 

Srhgal, Rai Sahib Sant 
Ram 

Stale Ergineer, Mewar State 

Udaipur. 

3 3.I536 

Sahncy. J.C 

Assistant Engineer, P1VD, 
Gorakhpur. (United Provinces) 


Pate ot 
election. 

Nome. 

Address 

So ™3t> 

Soksena, C. T, 

Assistant Engineer, P. W. D„ Revra 
State. Sidin', (B. X Ry.). 

-5.S-105& 

Sanjana, X 1\ 

Engineering Assistant, Chief Engi- 
neer^ Cilice, Bombay Port Trust, 
Ballon) Estate, Tort, Bombay, 

5 1.1037 

S.\nbnra,0, B, 

L. E. Assistant Engineer, Gudivada, 
Kistna District (Madras Presidency). 

30,0 1030 

Sarahhoja, X 

Superintending Engineer, Irrigation 
Circle, (K. R. S. Woifcs), Bangalore. 

~ J.1Q3? 

Sotk.iT, R, K. 

Municipal Engineer. (Retired) 
l.ueknow. 

IMJ 103ft 

Sotyanarayano* B 

District Board Engineer, Rajahtnun* 
dry, 3 vast Godavatv. 

3o' ll W'> 

Sealdwrtl. R. \Y. 

Superintending Engineer, Mysore 
Circle, Bangalore. 

tS.3 Wftft 

Scott, C. E 

Superintending Engineer*. Prone 
Court, Rangoon. 

13,1,1030 

Ss'khna, T. 

District Engineer, District Board, 
Madura. 

uvi.iojj 

Sen, A. K. 

Road Engineer, Tripura State, 1\ O. 
Agartolo. 

isaiau* 

Sea Gupta, U. C. 

District Engineer, Rangpur. 

23,1,1030 

Ser.apatv. G. X 

Pn'.vDiviric.nal 0 facer. 1\ \V. D., 
Kendnpatna SuV Division. P. O. 
Kcndupatnt, District Cuttack. 


Shah. V. 3. 

Engineer to Khan Bahadur M. A. K., 
Mack-awee, O. Ik E.. Government 
Contractor. Maidan Road, Camp 
Aden, Arabia. 

20,0,1530 

Shahaui, a M. 

C 0 Braithwaite Bum and Jesse p 
Construction Co,. Mercantile 
Building. Lall Barar, Calcutta. 


iaa, ,\. 1. 

Bunn v -Shell Co., Hongkong House, 
P.O. Box 300, Calcutta. 

33*3,30 

SSuueef. Saf3.iT Ali 

Estate Engineer, Xwab Salar Jung 
Bahadur, Pevrau Pewdi, 



Date of 
election, 

3-3.1935 


Siurru, 

Hari Simiir 

4.8.1935 Sairmi S. S 

3.3.1935 Sfarr, B. 

Nirasimba 

X.X0.XQ3? Sirt:. D>ja 
Bihador V. G. 

13.3.1936 Shivdasir.t, K. J 

5.12.1935 Sinfaa, A. K- 
I.7.I939 Sinfca, B. 

27.11.1936 Sinha. K. I* 

22 3.1937 Sirajuddin, P 

3.2.1939 Siri Ram 

3 3.1936 Smitb. Lt. Col 
H.C., O.B.E. 

25 *7 1939 Sohan Lai 

3.3.1936 Sondhi, R. L- 

3.3.1936 Sopwitb, Colonel G E. 

3.3 1936 Sowam, D. G. 

3.3.1936 Sri Kara in. Rai 
Bahadur 

3 3.1936 Srinivasachari, M. A. 

3.3.1936 Srinivasamurti. K. V 




2 v.r! nays*-*. Calictst, 

JUDhir 

322 2. Sad. 2 I'etrj, IV.ua. 


C->f in ! E-;dr.~T, District 

1,/wil iJcirl, Uarlc'-na, fund). 

Ir.’Vict Erj^rvf. DMrs.t E-vard, 
Cst&ufc. 

As«f«ts*st ISngjn-r. P. V/. JL, J’unilw. 

Executive Engjr.'arr, O-ntiaJ P W, JL, 
.W.v iJilKt. 

Ij.-tnct Board Rn/'tn'-er, Cii'Mapali, 
(Madras). 

Chartered Engineer, ro, The Mall, 
I,ahore. 

General Secretary, Indian Rond* and 
Transient Development Association, 
41, Kicol Road, Ballard Estate, 
Bombay 

Assistant Engineer, P W, D , Balaiore, 
(B N Ry ) 

Executive Engineer, Ambala. 

C o Messrs Turner Morrison and Co. 
Limited, 6, L>ons Range, Calcutta. 

Civil and Hydrauladi, Tardeo Kama 
Kivas, ChdUialuadi Tardio Road 
Bombay Ko. 7. 

Executive Engineer, Lucknow. 


Retired Superintending Engineer, So, 
Budh Temple Road, Basavangudi. 
Bangalore City. 

Assistant Engineer, Ko. 1 Sub-Division 
p. \V. D.. Mysore. 
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Date of 
election. 

8.11.1937 

Name. 

Srinivasan. K. 

. Address 

L- E. Special Assistant Engineer, 

Narasapatam. 

3 - 3-1936 

io.i2.i937 

Srivastava, Madho 
Prasad 

Stanier, T. W. 

District Board Engineer, Lucknow. 

C 0 Aveling-Barford, Limited, 
Grantham, England. 

3.1.1939 

Stein, J. A. 

Special Officer, Road Bund Works, 
Bengal, Calcutta. 

3 3-7936 

Stevens, Lt-Col. A- E 

Commanding Royal Engineer, Meerut 
District Headquarters, Dehra Dun. 

4- 5- j 93 6 

5- 2.1937 

Stuart Captain James 

Executive Engineer, P.W.D., Bannu. 

Stuart-I.en'is, Allan 

C 0 Concrete Association of India, 

12 , Mission Raw, Calcutta. 

3 3-793 6 

Stubbs, S. G., O. B. E 

Cltfdon, P O. Raison, Kulu, District 
Kangra. 

3-3 1936 

Subrahmanyam, 

Ramachandra 

Executive Engineer, Madura Munici 
pality, Madura 

3.3-1936 

Sujan, S B. 

District Engineer, Concrete Associa- 
tion of India, Queens Road, Karachi. 

9-3-1937 

Sukhatankar, V. M 

District Engineer, District Local 
Board, Belgaum. 

I3-5-I93 6 

Sundaresan, T. V. 

Chartered Civil Engineer, New 
Colony, Nagpur. 

3-3-7936 

Sunder Dal, Rai Bahadur 

Superintending Engineer, P. W. D., 
Nagpur. 

3-3-7936 

Surati, II. M 

Assistant Engineer, Vallabhdas 

Estate, Public Garden Road, 
Hyderabad (Deccan). 

23 . 7.7939 

Tandy-Green, C. W 

Chief Engineer, Bengal Communica- 
tions and Works Department, 
Calcutta. 

74.3 7936 

Todd, J. M. 

Executive Engineer. P. W. D., 
Secretariat (B. & R.), Prome Court, 
Burma. 

3-3-I936 

Tonks, H. J. 

Executive Engineer, Rangoon Cor- 
poration, Rangoon. 

73 - 3-7936 

Trevor-Jones, R., M. C. 

Superintending Engineer, Third 
Circle, Lahore. 



Address 


Date of 
election. 


Name. 


24 6 1936 TripatliJ, S. N. 


18.5.1937 Trollip, A. S 


3.3.1936 Turab, Moliaraad Abu 
3 3 1936 Turnbull, W. J. 

3.3.1936 Tweed, Rathlrn J. C 

3 1. 1939 Tyabji, S B 

3.3.1936 Vagh, Bain ant Vitbal 

1 12.1937 Vaishnav, S G 

309.1936 Vakil, Rai Sahib N H 

3.3.1936 Varma, Rai Bahadur 
A. P. 

3.3.1936 Varma, U L 

3.3.1936 Vawam, G B 

3 3 1936 Venkataknshnan, Rai 
Bahadur Lakshnu- 
naravana Alvar 

X3-3 1936 Vesugaf, J 
3.3 1936 Vipan, A , C.I.E 
1S.7 1038 Virarachavan, E 


Assistant Engineer, P. W. D. 
Khamgaon, (Berar). 

General Manager, The Bombay Elec 
trie Supply and Tramwa Co 
Limited, Electric House, Fort, 
Bombay 

Superintending Engineer, P- W D., 
Medak, Nizam’s Dominions 

C/o Shalimar Tar Products {1935^ 
Limited, P O Box No 194, 
Bombay. 

Works Manager, Braithwaite A Co 
(India) Limited, Calcutta 
Chief Engineer, P W. D., Jammu. 

Road Engmeer, Burmah-Shell Oil 
Distributing Company of India 
Limited, Bombay. 

Personal Assistant to the Chief 
Engineer, Baroda. 

District Engineer, P. O. Motihan, 
Champaran 

Chief Engineer, Bikaner State, 
Sri Ganganagar. 

Executive Engmeer, P. W. D , 

K. and J Hills Division (Assam), 
Shillong 

Assistant Engineer, Roads, Karachi 
Municipality, Karachi 

Superintending Engineer. Bellarv 
Circle, Bellarv. 


Under Secretary to the Government 
of Punjab, P W D , Building and 
Roads Branch, Lahore 

Chief Engineer and Secretary to thee 
Government of Onssa. P \V D , 
Cuttack 

Divisional Engmeer. H E.H Nizam’s 
P W D Nanded 
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Bate of Name, 

election. 

8.ii.xg37 Srjnivasan, K. 
3.3.1936 Srivastava. Madbo 

X’rasad 

10.12.1937 Stonier, T. W 


3.1.1939 Stein, J. A 

33.1936 Stevens, Lt-Col. A. E 


4 . 5.1936 

5.2 1937 

3.3 1936 


Stuart Captain James 
Stnart-Eewis. Allan 

Stubbs, S. G , O. B. E 


3.3.I936 


Stibrahmanyam, 

Ramachandra 


3.3-r936 Sujan, S. B 


9 3.1937 Sukhatankar, V. M 
13 5.1936 Sundaresan, T. V. 
3.3,3936 Sunder Lai, Rai Bahadur 


3-3-I936 Surati, H. M 


23.1.3939 Tandy-Green, C. W. 


34.3.1936 Todd, J. M. 

3 3-3936 Tonks, H. J. 

23 3.1936 Trevor-Jones, R., M. C. 


. Address 

L. F. Special Assistant Engineer, 

Narasapatam. 

District Board Engineer, Lucknow. 

C o Aveling-Barford, Limited, 
Grantham, England. 

Special Officer, Road Eund Works, 
Bengal, Calcutta. 

Commanding Royal Engineer, Meerut 
District Headquarters, Dehra Dim. 

Executive Engineer, P.W.D., Bannu 

C,o Concrete Association of India, 

32, Mission Raw, Calcutta. 

Clifdon, P O Raison, Kulu, District 
Kangra. 

Executive Engineer, Madura Munici 
pality, Madura. 

District Engineer, Concrete Associa- 
tion of India, Queens Road, Karachi 

District Engineer, District Local 
Board, Belgaum. 

Chartered Civil Engineer, New 
Colony, Nagpur. 

Superintending Engineer, P. W. D., 
Nagpur. 

Assistant Engineer, Vallafchdas 
Estate, Public Garden Road, 
Hyderabad (Deccan). 

Chief Engineer, Bengal Communica- 
tions and Works Department, 
Calcutta. 

Executive Engineer, P. W. D., 
Secretariat (B, & R.), Prome Court, 
Burma. 

Executive Engineer, Rangoon Cor- 
poration, Rangoon. 

Superintending Engineer, Third 
Circle, Lahore. 
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Date oE 
election. 

Name. 

Address 

24.6 1936 

Tripatlii, S. N. 

Assistant Engineer, P. \V. D. 
Khamgaon, (Berar). 

18.5.1937 

Trollip, A. S. 

General Manager, The Bombay Elec 
trie Supply and Tramwa Co 
Limited, Electric House, y Fort, 
Bombay 

3.3.I936 

Turab, Mohamad Abu 

Superintending Engineer, P. W D., 
Medak, Nizam’s Dominions 

3 3- 1936 

Turnbull, W J. 

C/o Shalnnar Tar Products (1935) 
Limited, P O Box No 194, 
Bombay. 

3 3-I936 

Tweed, Rathlin J. C 

Works Manager, Braithwaite A Co 
(India) Limited, Calcutta 

3.1 1939 

Tyabji, S B 

Chief Engineer, P W D., Jammu. 

3.3.1936 

Vagh, Bahvant Vitbal 

Road Engineer, Burmah-Shell Oil 
Distributing Company of India 
Limited, Bombay 

1 12.1937 

Vaishnav, S G 

Personal Assistant to the Chief 
Engineer, Baroda. 

30.9.1936 

Vakil, Rai Sahib N H 

District Engineer, P. 0. Motihan, 
Champaran 

3-3.2936 

Varma, Rai Bahadur 

A. P. 

Chief Engineer, Bikaner State, 
Sri Ganganagar. 

3 3 2936 

Varma, R I, 

Executive Engineer, P. W. D , 

K and J Hills Division (Assam), 
Shillong 

3.3.I936 

Vaswnni, O B 

Assistant Engineer, Roads, Karachi 
Municipality, Karachi 

3 3 1936 

Venkataknshnau, Rai 
Bahadur Laksbmt- 
narayana Aivaf 

Superintending Engineer, Bellarv 
Circle, Bellarv. 

13-3 2936 

Vesugar, J 

Under Secretary to the Government 
of Punjab, P W D , Building and 
Roads Branch, Lahore 

3-3 2936 

Yipan. A , C.I.E 

Chief Engineer and Secretary to thee 
Government of Orissa, p \V D , 
Cuttack 

1S.7 1036 

Virata cha van, E 

Divisional Engineer. H E.H Nizam's 

P \V D Nanded 



Diate of 
election. 

Name. 

Address. 

3.3-I936 

Wadley, K. L. H. 

Executive Engineer, Viceregal 
Estates, New Delhi. 

13 9-1937 

Wale, N. D. 

Engineer, Municipal Borough, Hubli, 
District Dharwar. 

18.6.1936 

Walker, Brigadier E. C. 

Chief Engineer, Southern Command, 
Poona. 

3-3-I936 

Walker, W. F., M C 

Superintending Engineer, P. W. D. 
Lucknow. 

3.3-1936 

Warren, P. F. S 

Director, Jessop & Co. Limited, 

93, Clive Street, Calcutta. 

29-51936 

Wdfovood, F D 

Chief Engineer, Mayurbhanj State 
Baripade (Eastern States Agency). 

X.5.I936 

Whishaw, Lt. Col 

W.B., O.B.E., M.C, 

Commanding Royal Engineer, 
Independent. Brigade Area, Karachi. 

3-3.I936 

Whitby, A. B. 

Executive Engineer, P.W.D., Hoilem, 
Burma. 

I7-5-I937 

WiUcocks, H. 

Superintending Engineer, Central 

P. W. D., New Delhi. 

3-3.1936 

Winkler, L A. H. 

Superintending Engineer, Mysore 

P. W. D., Cunnigham Crescent, 
Bangalore 

10.7.1936 

Wooltorton, F. L. D 

Executive Engineer, Shwebo Division. 
Shwebo, Burma. 

11.9.1939 

Zaman, Chowdhury 
Imamuz 

Sub-Divisional Officer, P. W. D.. 
Jorhat. 

l3-9- I 937 

Zntshi, M. N 

Engineer, District Board, Gorakhpur. 


Associate Members. 

20.12.1937 

Armitage, Edgar 

C/o Messrs. Grindlay & Company, 
Bombay.' ■ . 

zg 2.1936 

Chinoy, 

Nurmohamed M. 

C/o The Bombay Garage, Chowpatty, 
Bombay. 

a7.10.1937 

Davidson, J. C. F. 

C/o Messrs. Bird & Co. Oriental 
• Buildings, Lahore. 

21.2.1938 

Ford, T. S. 

C 0 The General Motors (India) 
Limited, Bombay. 

25.11.1938 

Hayward, E. 

C,o D. Walie and Co. Kotmagar, 
District Hoogly. 



Date of 
election. 

Name. 

Address. 

18.3.1936 

James, Hugh 

Burmah-Shell House, Ballard Estat 
Bombay. 

29.2.1936 

Kerr, W. H. 

District Sales Manager for Northern 
India of Bitumen Emulsions {India), 
limited, C/o The Rawalpindi Club, 
Rawalpindi. 

1.6.1939 

Khan, Nasrat 
Mohammed 

Secretary, Law and Justice, Jaora 
Durbar, Jaora. (Central India). 

10.1.1939 

Malani, C. T. S. 

C/o Messrs. Standard Vacuum Oil Co., 
Finlay House, Karachi 

29.2.1936 

Marschalko, Th. C. 

C/o Caltax Company (India) Limited 
Bombay. 

29.2.1936 

Moss, G. L. W. 

Technical Service Manager, Dunlop 
(India) Limited, 39, Free School 
Street, Calcutta. 

25 . 2.1939 

Munday, P. 

C/o Burmali Shell Oil Storage aud 
Distributing Co. of India Limited, 
Calcutta. 

29 2.1936 

Ormetod, H. E, 

Forbes Buildings, Home Street, 
Bombay. 

30.9.1936 

Pennyquick, J. R. 

C/o Messrs. Birch Marve and Co. 
Limited, Bagdad (Persia). 

20.9.1936 

Smith, J. W. 

C/o Standard Vacuum Oil Company, 
Calcutta. 





ISO 

Dlate of 
election. 

Name. 

Address. 

3.3.1936 

Wadley, K. L. H. 

Executive Engineer, Viceregal 
Estates, New Delhi. 

13 9.1937 

Wale, N. D. 

Engineer, Municipal Borough, Hubli, 
District Dharwar. 

18.6.1936 

Walker, Brigadier E. C. 

Chief Engineer, Southern Command, 
Poona. 

3-31936 

Walker. W. F., M.C 

Superintending Engineer, P. W. D. 
Lucknow. 

3.3.1936 

Warren, P. F. S 

Director, Jessop & Co. Limited, 

93, Clive Street, Calcutta. 

29.5.1936 

Wellwood, F D . 

Chief Engineer, Mayurbhanj State 
Baripade (Eastern States Agency). 

1.5.1936 

Whishaw, Lt. Col. 

W.B., O.B.E., M.C., - 

Commanding Royal Engineer, 
Independent, Brigade Area, Karachi. 

3.3.I936 

Whitby, A. B 

Executive Engineer, P.W.D., Hoilem. 
Burma. 

I7.5.I937 

Willcocks, H 

• Superintending Engineer, Central 

P. W. D., New Delhi. 

3.3.1936 

Winkler, L A. H 

Superintending Engineer, Mysore 

P. W. D., Cunnigham Crescent, 
Bangalore. 

10.7.1936 

Wooltorton, F. L. D 

Executive Engineer, Shwebo Division, 
Shwebo, Burma. 

11.9.1939 

Zaman, Chowdhury 
lmamuz 

Sub-Divisional Officer, P. W. D., 
Jorhat. 

I3.9-I937 

Zutshi, M. N. 

Engineer, District Board, Gorakhpur. 


Associate Members. 

20.12.1937 

Armitage, Edgar 

C/o Messrs. Grindlay & Company, 
Bombay.' • 

29 2.1936 

Chinoy, 

Nurmohamed M. 

C/o The Bombay Garage, Chowpatty, 
Bombay. 

27.10.1937 

Davidson, J. C. F. 

C/o Messrs. Bird & Co. Oriental 
• ’Buildings, Lahore. 

21.2.1938 

Ford, T. S. 

C/o The General Motors (India) 
Limited, Bombay. 

25.1x.x938 

Hayward, E. 

C/o D. Walie and Co. Konnagar, 
District Hoogly. 
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Date of 
election. 

Name. 

Address. 

18.3 1936 

James. Hugh 

Burmah-Shell House, Ballard Estat 
Bombay. 

29.2.1936 

Kerr, W. H. 

District Sales Manager for Northern 
India of Bitumen Emulsions (India), 
Limited, C/o The Rawalpindi Club, 
Rawalpindi. 

1.6.1939 

Khan, Nasrat 
Mohammed 

Secretary, Law and Justice, Jaora 
Durbar, Jaora. (Central India). 

XO.X.X939 

Malani, C. T. S. 

C/o Messrs. Standard Vacuum Oil Co., 
Finlay House, Karachi. 

29.2.1936 

Marschalko, Th. C. 

C/o Caltax Company (India) Limited 
Bombay 

29.2.1936 

Moss, G. L. W 

Technical Service Manager, Dunlop 
(India) Limited, 39, Free School 
Street, Calcutta. 

25.2.1939 

Munday, P. 

C/o Burmah Shell Oil Storage aud 
Distributing Co. of India Limited, 
Calcutta. 

29 2.1936 

Ormerod, H. E 

Forbes Buildings, Home Street, 
Bombay. 

30.9.1936 

Penny quick, J. R. 

C/o Messrs. Birch Marve and Co. 
Limited, Bagdad (Persia). 

20.9.1936 

Smith, J. W. 

C/o Standard Vacuum Oil Company, 
Calcutta. 
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| Cement 

(i), (») 

& (ix) 

Braithvvaite, Burn and Jcssop Construc- 
tion Companv , Ltd • . | 

I Licensees for Franki Piles and 
! General Engineering Con- 
: structions 

(lU) & (IV) 

Burmah Shell Oil Storage and Distribut- 
ing Companv of India, Ltd 

Road Surfacing Materials 

(xvm) 

Ford Motor Co of India, Ltd • - 1 

Motor Trucks . 

(xn) 

General Motors India, Ltd 

Motor Trucks 

(xaia > 

Hindusthan Engineering &. Construction 
Companv 

Engineers, Builders and Con- 
tractors 

| ('ll) 

Indian Roads Congress 

! Publications for Sale 

('iii) & 

Imperial Chemical Industries (India), 
Limited 

1 

Dunlop equipment /or Vehicles 

(XV) 

John Fowler & Co ( India 1, Ltd 

Steam and Diesel Road Rollers 

(vi) 

Krupp Indian Trading Co , Ltd • 1 

Ktmna Diesel Rollers 

(XIV) 

Lawrence & Mavo Ltd 

Survrving Instruments 

(xvn) 

Marshall Sons & Co (India), Ltd 1 

Marshall Road Rollers ! 

('«) 

Millars Timber 8, Trading Co , Ltd 

Road Plant 

IXV.) 

Shahmar Tar Products (1935), Ltd 

Road Tar 

(v) 

Standard-Vacuum Oil Co 

Road Surfacing Materials 

(*«) 


For particulars of advertising space in the Proceedings of the Sixth Indian 
Roads Congress, whirh will he printed sometime in June or Juh, 1940, please com- 
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The Secretary 

Indian Roads Congress, 
NEW DELHI 
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Licensees for Franki Piles and 
General Engineering Con- 
structions 

(in) & (iv! 

Burmah Shell Oil Storage and Distribut- 
ing Cotnpam of India, Ltd . . . , 

Road Surfacing Materials 

(«m) 

Ford Motor Co of India, Ltd ■ | 

Motor Trucks . 

(xu) 

General Motors India, Ltd 

Motor Trucks 

(xiii) 

Hindusthan Engineering & Construction 1 
Compam . i 

Engineers, Builders and Con- 
tractors 

(Ml) 

Indian Roads Congress 

Publications for Sale 

(vni) &. 

Imperial Chemical Industries (India), 
Limited 

Dunlop equipment for Vehicles 

(XV) 

John Fowler & Co (India), Ltd 

Steam and Diesel Road Rollers 

(VI) 

Krupp Indian Trading Co , Ltd 

Ktmna Diesel Rollers 

(xiv) 

Lawrence & Ma\o Ltd 

Surveving Instruments 

( XVII ) 

Marshall Sons & Co ( India), Ltd 

Marshall Road Rollers 

HO 

Millars Timber &. Trading Co , Ltd 

Road Plant 

l\M) 

Shalimar Tar Products 11935), Ltd 

Road Tar 

IV) 

Standard-Vacuum Oil Co 

Road Surfacing Materials 1 

(XI) 


For particular* ol adurtmng » pace in the Proceedings ol the Sixth Indian 
Roads Congress, which will hr printed sometime in June or JuK. 1940, pirate com- 
municate with 

The Secretary 

Indian Roadt Congress, 

NF.W DELHI 




More MILEAGE 

Less MAINTENANCE 

With - 

SOCONY ASPHALTS 




I T Is all the same to our engineers 
whether you decide to lay down 
a Rs. 20,000 per mile pavement 

or a Rs. 1,000 per mile surfacing 

whether your problem is to salvage an 
old road or to salvage old asphalt. 
Our engineers will recommend the 
best and most economical method to 
meet your particular requirements. 


STANDARD-VACUUM OIL COMPANY 


(The liability of the members of the Company Is limited) 





Ford V-8 Trucks save money the field of haulage and delivery 

in many ways. Their First because they combine advant- 

cost is low. Operating costs ages unmatched in the lower- 

are low. And there are further price range: V-8 smoothness 

savings on maintenance, because and speed — quality construction 

long-life is built into every part. and impressive appearance. 

This overall economy identifies See t h is year’s Ford V-8 
the Ford product. It sells Trucks. They are newly styled, 

many thousands of Ford V-8 Their appearance stamps your 

Trucks each year. It can be a business as progressive — 

factor for profit in your own thoroughly in keeping with the 

business. times And there Is a unit 

Yet economy is not all you’ll exactly suited to your work, 

get In a Ford V-8 Truck. These Your Ford dealer will be glad to 

units arc traditional leaders in show you these fine new Trucks. 

FORD MOTOR CO., OF INDIA LTD. 

BOMBAY - CALCUTTA - MADRAS . COLOMBO 


FOR INDIA’S LOADS 

FOR INDIA’S ROADS 



The new Chevrolets are outstanding for their strong pulling power and 
stamina for hauling heavy loads over rough ground, for their low run- 
ning costs and their long life. They are built to give low-cost transport 
under the Indian conditions and their dependability ensures efficiency. 


CUevralet 


PRODUCTS OF GENERAL MOTORS INDIA, LIMITED. 


(xiii) 



KEMNA 


ROAD ROLLER 



Outstanding in Economic Efficiency 
Simple Construction 
Absolute Reliability 

KEMNA DIESEL ROLLERS have been supplied to 
various Govt. Bodies in INDIA. 



J. KEMNA -Breslau. 


For Particulars Please Apply to : 

Krupp Indian trading Co., ltd. 

Head Office: Branch Office • 

BOMBAY, p. o. B. 660. CALCUTTA. P. O. B. 2163. 




~~ OXWC on the cost of 

your transport. 

Sxw& on the cost of 
your roads. 

DUNLOP 

EQUIPMENT FOR 
ANIMAL DRAWN VEHICLES 

Sole Agents : 

IMPERIAL CHEMICAL INDUSTRIES (India) LTD. 

Calcutta - Bombay - Karachi - Madras - Rangoon - Cawnpore - Lahore 
Ahmedabad - Cochin - Patna - Calicut - Amritsar 



A TESTIMONIAL! 

OVER 500 MILLARS’ MIXER IN USE IN INDIA. 


MILLARS’ Road & Building PLANT. 

CONCRETE MIXERS-Tilting & Rotary Drum Types. 
ASPHALT MIXERS - Cold & Hot Mix. 

MORTAR MIXERS for all requirements. 
TARMACADAM AND ASPHALT PLANT. 
HIGHWAYS MAINTENANCE COMBINED DRYER 
AND MIXER. 

CRUSHERS for Stone, Brick and hard Core. 

“ COMPLETE " WELLPOINT PUMPING SYSTEM 
for excavation drainage. 

GRAVEL WASHING & SCREENING PLANT. 
PLATFORM HOISTS for speedy construction. 
CONCRETE VIBRATOR-as portable as a wheelbarrow. 
DIAPHRAGM & CENTRIFUGAL PUMPS. 
WINCHES for Electric, Petrol or Diesel drive. 

Etc., Etc., Etc. 

MILLARS’ Maintenance SERVICE. 

An unequalled maintenance service is placed at the 
disposal of users of Millars’ Machines. 

Spares and Service Mechanics are always available. An 
unusually large stock of Mixers and Spares are 
carried. 

Ask for a Complete List of Users. 

MILLARS’ TIMBER & TRADING Co., Ltd. 

Mazgaon, BOMBAY. 

CALCUTTA SECUNDERABAD MADRAS 

Parry s Engineering Ltd C V Moodaliar Parry & Co., Ltd. 
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DUNLOP 

EQUIPMENT FOR 
ANIMAL DRAWN VEHICLES 

Sole Agents : 

IMPERIAL CHEMICAL INDUSTRIES (India) LTD. 

Calcutta - Bombay - Karachi - Madras - Rangoon - Cawnpore - Lahore 
Ahmodabad - Cochin - Patna - Calicut - Amritsar 


A TESTIMONIAL! 

OVER 500 MILLARS’ MIXER IN USE IN INDIA. 

MILLARS’ Road & Building PLANT. 

CONCRETE MIXERS-Tilting & Rotary Drum Types. 
ASPHALT MIXERS - Cold & Hot Mix. 

MORTAR MIXERS lor all requirements. 
TARMACADAM AND ASPHALT PLANT. 
HIGHWAYS MAINTENANCE COMBINED DRYER 
AND MIXER. 

CRUSHERS for Stone, Brick and hard Core. 
“COMPLETE” WELLPOINT PUMPING SYSTEM 
for excavation drainage. 

GRAVEL WASHING & SCREENING PLANT. 
PLATFORM HOISTS for speedy construction. 
CONCRETE VIBRATOR-as payable as a wheelbarrow. 
DIAPHRAGM & CENTRIFUGAL PUMPS. 
WINCHES for Electric, Petrol or Diesel drive. 

Etc., Etc., Etc. 


MILLARS’ Maintenance SERVICE. 

An unequalled maintenance service is placed at the 
disposal of users of Millars' Machines. 

Spares and Service Mechanics arc always available. An 
unusually large stock of Mixers and Spares are 
carried. 

Ask for a Complete List of Users. 

MILLARS’ TIMBER & TRADING Co., Ltd. 

Mazgaon, BOMBAY. 

CALCUTTA SECUNDERABAD MADRAS 

Parry s Engineering Ltd C V Moodaliar Parry & Co. Ltd 
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A TESTIMONIAL! 

OVER 500 MILLARS’ MIXER IN USE IN INDIA. 

MILLARS’ Road & Building PLANT. 

CONCRETE MIXERS-Tilting & Rotary Drum Types. 
ASPHALT MIXERS - Cold & Hot Mix. 

MORTAR MIXERS for all requirements. 
TARMACADAM AND ASPHALT PLANT. 
HIGHWAYS MAINTENANCE COMBINED DRYER 
AND MIXER. 

CRUSHERS for Stone, Brick and hard Core. 
“COMPLETE" WELLPOINT PUMPING SYSTEM 

for excavation drainage. 

GRAVEL WASHING & SCREENING PLANT. 
PLATFORM HOISTS for speedy construction. 
CONCRETE VIBRATOR-as portable as a wheel barrow. 
DIAPHRAGM & CENTRIFUGAL PUMPS. 
WINCHES for Electric, Petrol or Diesel drive. 

Etc., Etc., Etc. 


MILLARS’ Maintenance SERVICE. 

An unequalled maintenance service is placed at the 
disposal of users of Millars’ Machines. 

Spares and Service Mechanics are always available. An 
unusually large stock of Mixers and Spares are 
carried. 

Ask for a Complete List of Users. 

MILLARS’ TIMBER & TRADING Go., Ltd. 

Mazgaon, BOMBAY. 

CALCUTTA SECUNDERABAD MADRAS 

parry's Engineering Ltd C V Moodaliar Parry & Co Ltd 
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AT YOUR SERVICE 

THROUGHOUT 

INDIA AND BURMAH 

mth the 

Largest Stock of 
Surveying 
Instruments 

All the 

Latest Precise Levels 
and 

Direct Rending 
Theodolites. 

Catalogue on request from 

LAWRENCE £ MAYO™. 

BOMBAY. CALCUTTA. NEW DELHI. MADRAS. 

SIMLA AND RANGOON, BURMAH. 


INDIAN ROADS CONGRESS 

Standard Specification and Codes of Practice 

FOR 

ROAD BRIDGES IN INDIA 

This book has recently been published by the Indian Roads 
Congress for the guidance of highway engineers In India, and 
deals with bridge loading specifications and data for the design 
of road bridges In steel and reinforced concrete. It contains 
1 35 pages printed on good quality paper and is bound In full rexlne. 

Price Rs. 5 /- (excluding postage) 

Available from : - 

The Secretary, Indian Roads Congress, 

NEW DELHI. 





SHELSPRA B. S. 

An . economical cut-back Bitumen 
specially manufactured for Indian 
conditions. 

It is particularly suitable 
for the low cost con- 
struction of Chipping 
Carpets. Where good 
hard stone chippings 
are available SHELSPRA 
B. S. Chipping Carpets 
give a durable non-skid 
surface superior to Sur- 
face Dressing. 

Sold in India only by : — 

BURMAH-SHELL OIL STORAGE & DISTRIBUTING CO. OF INDIA LTD 

Agents: (Incorporated In England) 

CALCUTTA, BOMBAY. MADRAS. KARACHI. NEW DELHI. 
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